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FIG. 17
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FIG. 19
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FIG. 21
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FIG. 23
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FIG. 24
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FIG. 26
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FIG. 27
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FIG. 28
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FIG. 29
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prediction_unit( x0, y0 ) {

Descriptor

if( skip flag[ x0][y0]) {

merge_idx[ x0 ][ y0]

ue(v) | ae(v)

} else if{ PredMode == MODE_INTRA ) {

Velse { /* MODE_INTER */

if( entropy_coding mode_flag || PartMode = PART 2Nx2N)

merge_flag| x0 ]| y0 |

u(l) | ae(v)

if{ merge flag| x0 ][ y0]) {

merge_idx| x0 || y0 |

ue(v) | ae(v)

}else {

if( slice type == B) {

inter_pred_flag| x0 ][ y0 |

ue(v) | ae(v)

}

if( inter pred flag[ x0][y0] == Pred LC) {

if{ num_ref idx lc_active minusl > 0) {

ref idx_le[ x0 ][ y0]

ae(v)

}

mvd_le[ x0][y0][0]

se(v) ae(v)

mvd_le[x0][y0][1]

se(v) ae(y)

mvp_idx_le[ x0 || y0 |

ue(v) ae(v)

}

else { /* Pred_LO or Pred BI */

if( num_ref idx 10 active minusl > 0) {

ref idx 10 _minusX[ x0 ][ yO |

ue(v) | ae(v)

}

mvd 10[x0][y01[0]

se(v) | ae(v)

mvd_10[ xO [[yO }[ 1]

se(v) | ae(v)

mvp_idx 0] x0 ][ y0 ]

ue(v) | ae(v)

}

if(inter pred flag] x0 ][ y0] == Pred BI) {

if{ num_ref idx 11 active minusl > 0) {

ref 1dx_11][ x0][ y0 ]

ue(v) | ae(v)

}

mvd_11[x0][y0][0]

se(v) | ae(v)

mvd [ x0][y0][ 1]

se(v) | ae(v)

mvp_idx 1[x0][y0]

ue(v) | ae(v)

}

}




U.S. Patent Dec. 31,2024 Sheet 26 of 29 US 12,184,879 B2
FIG. 32
(a)
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FIG. 33
(a)
prediction_unit( x0, y0 ) { Descriptor
if{ slice type == B) {
if (!DisableBiPred) {
inter_pred_flag0[ x0 [ y0 | ue(1) | ae(1)
}
else if ('UsePredRefLC && NoBackPredFlag) {
inter_pred flagl x0]] y0 ] ue(1) | ae(1)
}
}
}
(b)
prediction_unit( x0, y0 ) { Descriptor
if{ slice type == B ) {
if (!DisableBiPred) {
inter_pred_flag0[ x0 ][ y0 | ue(1) | ae(l)
}
}
}
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FIG. 34

(a)

sequence parameter_set(){ Descriptor
disable_inter4x4 u(l)
disable_bipred_in_small PU u(l)

}

(b)

sequence parameter set(){ Descriptor
use_restricted_prediction u(1)

}

(c)

sequence parameter_set(){ Descriptor
disable_bipred_size u(v)

}
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VIDEO DECODING DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a Continuation of application Ser. No.
16/809,073, filed on Mar. 4, 2020, which is a Divisional of
application Ser. No. 16/118,820, filed on Aug. 31, 2018, now
U.S. Pat. No. 10,630,999, issued on Apr. 21, 2020, which is
a Continuation of application Ser. No. 14/348.499, filed on
Mar. 28, 2014, now U.S. Pat. No. 10,110,891, issued on Oct.
23,2018, which is the National Phase under 35 U.S.C. § 371
of International Application No. PCT/JP2012/075191, filed
on Sep. 28, 2012, which claims the benefit under 35 U.S.C.
§ 119(a) to Patent Application No. 2011-215475, filed in
Japan on Sep. 29, 2011, all of which are hereby expressly
incorporated by reference into the present application.

TECHNICAL FIELD

The present invention relates to an image decoding device
and an image method for decoding encoded data represent-
ing an image, and an image encoding device for encoding an
image to generate encoded data.

BACKGROUND ART

Video encoding devices for encoding moving images to
generate encoded data, and video decoding devices for
decoding the encoded data to generate decoded images are
used for efficient transmission or recording of moving
images.

Specifically, video coding standards are available, such as
H.264/MPEG-4.AVC, the standard implemented in KTA
software, which is a codec for joint development in VCEG
(Video Coding Expert Group), the standard implemented in
TMuC (Test Model under Consideration) software, and the
standard proposed in HEVC (High-Efficiency Video Cod-
ing), which is a codec successor to H.264/MPEG-4.AVC
(NPLs 1).

In such video coding standards, images (pictures) forming
a moving image are managed using a hierarchical structure
that is composed of slices obtained by partitioning each
image, coding units obtained by splitting each slice, and
blocks and partitions obtained by splitting each coding unit.
The images (pictures) are generally encoded/decoded on a
block-by-block basis.

In such video coding standards, generally, a prediction
image is generated based on a locally decoded image
obtained by encoding/decoding an input image, and the
prediction image is subtracted from the input image (original
image) to obtain a prediction residual (also referred to as a
“differential image” or a “residual image”) which is then
encoded. Methods of generating prediction images include
inter-frame prediction (inter prediction) and intra-frame
prediction (intra prediction).

In intra prediction, a prediction image in a frame is
sequentially generated based on a locally decoded image in
this frame.

In inter prediction, on the other hand, a prediction image
in a frame to be predicted is generated in units of prediction
units (for example, blocks) by applying motion compensa-
tion using motion vectors to a reference image in a reference
frame (decoded image) the entirety of which has been
decoded.

As for inter prediction, a technique of splitting a coding
unit, which is the unit of a coding process, into asymmetric
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2

partitions (PUs) when using inter prediction was adopted
(AMP; Asymmetric Motion Partition, NPLs 2 and 3) at the
sixth meeting of the JCT-VC, which was recently held
(Torino, IT, 14-22 Jul. 2011).

It has also been proposed that non-square quadtree trans-
form (NSQT) be used if the type of partition is an asym-
metric partition (NPL 2).

CITATION LIST
Non Patent Literature

NPL 1: “WD4: Working Draft 4 of High-Efficiency Video
Coding (JCTVC-F803_d1)”, Joint Collaborative Team on
Video Coding (JCT-VC) of ITU-T SG16 WP3 and ISO/IEC
JTC1/SC29/WG11 6th Meeting: Torino, 1T, 14-22 Jul. 2011
(published on Sep. 8, 2011)

NPL 2: “CE2: Non-Square Quadtree Transform for sym-
metric and asymmetric motion partition (JCTVC-F412)”,
Joint Collaborative Team on Video Coding (JCT-VC) of
ITU-T SG16 WP3 and ISO/IEC JTC1/SC29/WGl16th
Meeting: Torino, IT, 14-22 Jul. 2011 (published on Jul. 2,
2011)

NPL 3: “CE2: Test results of asymmetric motion partition
(AMP) (JCTVC-F379)”, Joint Collaborative Team on Video
Coding (JCT-VC) of ITU-T SG16 WP3 and ISO/IEC JTC1/
SC29/WG116th Meeting: Torino, 14-22 Jul. 2011 (pub-
lished on Jul. 2, 2011)

SUMMARY OF INVENTION
Technical Problem

In inter prediction, however, new addition of an asym-
metric partition, described above, causes an increase in the
amount of coding of side information. There is another
problem in that although a newly added asymmetric parti-
tion has different characteristics from an existing symmetric
partition, the characteristics of the asymmetric partition are
not fully exploited in coding processes.

The present invention has been made in view of the
foregoing problems, and it is an object of the present
invention to provide an image decoding device, an image
decoding method, and an image encoding device that may
achieve a reduction in the amount of coding taken in the use
of an asymmetric partition and that may implement efficient
encoding/decoding processes exploiting the characteristics
of the asymmetric partition.

Solution to Problem

In order to overcome the foregoing problems, an image
decoding device according to an aspect of the present
invention is an image decoding device for decoding encoded
image data for each coding unit to generate a decoded
image, including a CU information decoding unit configured
to decode information for specifying a partition type in
which the coding unit is split; and an arithmetic decoding
unit configured to decode binary values from the encoded
image data using arithmetic decoding that uses contexts or
arithmetic decoding that does not use contexts, wherein in a
case that the CU information decoding unit decodes infor-
mation for specifying an asymmetric partition (AMP; Asym-
metric Motion Partition) as the partition type, the arithmetic
decoding unit is configured to decode the binary values by
switching between the arithmetic decoding that uses con-
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texts and the arithmetic decoding that does not use contexts
in accordance with a position of the binary values.

In order to overcome the foregoing problems, an image
decoding device according to an aspect of the present
invention is an image decoding device for decoding encoded
image data for each coding unit to generate a decoded
image, including a CU information decoding unit configured
to decode information for specifying a partition type in
which the coding unit is split; and an arithmetic decoding
unit configured to decode binary values from the encoded
image data using arithmetic decoding that uses contexts or
arithmetic decoding that does not use contexts, wherein in a
case that the CU information decoding unit decodes infor-
mation for specifying a type of rectangular partition as the
partition type, the arithmetic decoding unit is configured to
decode the binary values by switching between the arith-
metic decoding that uses contexts and the arithmetic decod-
ing that does not use contexts in accordance with a position
of the binary values.

In order to overcome the foregoing problems, an image
decoding method according to an aspect of the present
invention is an image decoding method for decoding
encoded image data for each coding unit to generate a
decoded image, including the steps of decoding information
for specifying a partition type in which the coding unit is
split; and decoding binary values from the encoded image
data using arithmetic decoding that uses contexts or arith-
metic decoding that does not use contexts, wherein in a case
that information for specifying an asymmetric partition
(AMP; Asymmetric Motion Partition) as the partition type is
to be decoded, the binary values are decoded by switching
between the arithmetic decoding that uses contexts and the
arithmetic decoding that does not use contexts in accordance
with a position of the binary values.

In order to overcome the foregoing problems, an image
encoding device according to an aspect of the present
invention is an image encoding device for encoding infor-
mation for restoring an image for each coding unit to
generate encoded image data, including an encoding setting
unit configured to encode information for specifying a
partition type in which the coding unit is split; and an
encoded data generation unit configured to generate the
encoded image data using an encoding process that uses
contexts or an encoding process that does not use contexts,
wherein in a case that information for specifying an asym-
metric partition (AMP; Asymmetric Motion Partition) as the
partition type is to be encoded, the encoded data generation
unit is configured to generate the encoded image data by
switching between the encoding process that uses contexts
and the encoding process that does not use contexts.

In order to overcome the foregoing problems, an image
decoding device according to an aspect of the present
invention is an image decoding device for decoding an
image in a prediction unit using, as an inter-frame prediction
scheme, a uni-prediction scheme in which one reference
image is referred to or a bi-prediction scheme in which two
reference images are referred to, the image decoding device
including bi-prediction restriction means for imposing
restriction of bi-prediction on the prediction unit in a case
that the prediction unit is a prediction unit having a size less
than or equal to a predetermined value.

Advantageous Effects of Invention
According to an aspect of the present invention, a reduc-

tion in the amount of coding taken in the use of an asym-
metric partition may be achieved. In addition, efficient
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4

encoding/decoding processes exploiting the characteristics
of the asymmetric partition may be implemented.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a functional block diagram illustrating an
example configuration of a CU information decoding unit
and a decoding module in a video decoding device accord-
ing to an embodiment of the present invention.

FIG. 2 is a functional block diagram illustrating a sche-
matic configuration of the video decoding device.

FIG. 3 includes diagrams illustrating a data configuration
of encoded data generated by a video encoding device
according to an embodiment of the present invention and
decoded by the video decoding device, in which parts (a) to
(d) are diagrams illustrating a picture layer, a slice layer, a
tree block layer, and a CU layer, respectively.

FIG. 4 includes diagrams illustrating patterns of PU
partition types. Parts (a) to (h) of FIG. 4 illustrate partition
shapes in the PU partition types of 2Nx2N, 2NxN, 2NxnU,
2NxnD, Nx2N, n[.x2N, nRx2N and NxN, respectively.

FIG. 5 is a diagram illustrating a specific example con-
figuration of a PU size table in which the numbers of PUs
and PU sizes are defined in association with CU sizes and
PU partition types.

FIG. 6 is a diagram illustrating a 2NxN CU and a 2NxnU
CU in which an edge having an inclination is present.

FIG. 7 is a table illustrating an example of binarization
information that defines associations between combinations
of CU prediction types and PU partition types and bin
sequences.

FIG. 8 is a diagram illustrating an example of the bina-
rization information that defines a CU having an 8x8 size.

FIG. 9 is a diagram illustrating another example of the
binarization information that defines a CU having an 8x8
size.

FIG. 10 is a table illustrating another example of the
binarization information that defines associations between
combinations of CU prediction types and PU partition types
and bin sequences.

FIG. 11 is a table illustrating another example of the
binarization information that defines associations between
combinations of CU prediction types and PU partition types
and bin sequences.

FIG. 12 is a functional block diagram illustrating an
example configuration of a PU information decoding unit
and a decoding module in the video decoding device.

FIG. 13 is a diagram illustrating a CU for which an
asymmetric partition has been selected.

FIG. 14 is a diagram illustrating the priorities of merge
candidates of a CU for which a symmetric partition has been
selected.

FIG. 15 includes diagrams illustrating the priorities of
merge candidates of a CU for which an asymmetric partition
has been selected. Parts (a) and (b) of FIG. 15 illustrate CUs
with the PU partition type of 2NxnU. Part (a) of FIG. 15
illustrates the priorities of merge candidates in the smaller
partition, and part (b) of FIG. 15 illustrates the priorities of
merge candidates in the larger partition. Parts (¢) and (d) of
FIG. 15 illustrate CUs with the PU partition type of 2NxnD.
Part (c) of FIG. 15 illustrates the priorities of merge candi-
dates in the larger partition, and part (d) of FIG. 15 illustrates
the priorities of merge candidates in the smaller partition.

FIG. 16 is a functional block diagram illustrating an
example configuration of a TU information decoding unit
and a decoding module in the video decoding device.
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FIG. 17 is a diagram illustrating an example of transform
size determination information in which TU partition pat-
terns are defined in accordance with CU sizes, TU partition
depths (trafoDepth), and PU partition types of target PUs.

FIG. 18 includes diagrams illustrating partitioning
schemes in which a square node is partitioned into square or
non-square nodes using quadtree partitioning. Part (a) of
FIG. 18 illustrates partitioning into square nodes, part (b) of
FIG. 18 illustrates partitioning into landscape-oriented rect-
angular nodes, and part (c) of FIG. 18 illustrates partitioning
into portrait-oriented rectangular nodes.

FIG. 19 includes diagrams illustrating partitioning
schemes in which a square node is partitioned into square or
non-square nodes using quadtree partitioning. Part (a) of
FIG. 19 illustrates partitioning of a landscape-oriented node
into landscape-oriented nodes, part (b) of FIG. 19 illustrates
partitioning of a landscape-oriented node into square nodes,
part (c¢) of FIG. 19 illustrates partitioning of a portrait-
oriented node into portrait-oriented nodes, and part (d) of
FIG. 19 illustrates partitioning of a portrait-oriented node
into square nodes.

FIG. 20 is a diagram illustrating an example of TU
partitions of a 32x32 CU with the PU partition type of
2NxN.

FIG. 21 is a diagram illustrating an example of TU
partitions of a 32x32 CU with the PU partition type of
2NxnU.

FIG. 22 includes diagrams illustrating the flow of TU
partitioning in a case that a split is performed in accordance
with the transform size determination information illustrated
in FIG. 17. Part (a) of FIG. 22 illustrates the PU partition
type of 2Nx2N;, and part (b) of FIG. 22 illustrates the PU
partition type of 2NxnU.

FIG. 23 is a diagram illustrating an example of the flow
of TU partitioning in a case that a region with the PU
partition type of 2Nx2N is split.

FIG. 24 is a flowchart illustrating an example of the flow
of a CU decoding process.

FIG. 25 is a functional block diagram illustrating a
schematic configuration of a video encoding device accord-
ing to an embodiment of the present invention.

FIG. 26 is a flowchart illustrating an example of the flow
of a CU encoding process.

FIG. 27 illustrates a configuration of a transmitting appa-
ratus including the video encoding device and a configura-
tion of a receiving apparatus including the video decoding
device. Part (a) of FIG. 27 illustrates the transmitting
apparatus including the video encoding device, and part (b)
of FIG. 27 illustrates the receiving apparatus including the
video decoding device.

FIG. 28 illustrates a configuration of a recording appara-
tus including the video encoding device and a configuration
of a reproducing apparatus including the video decoding
device. Part (a) of FIG. 28 illustrates the recording apparatus
including the video encoding device, and part (b) of FIG. 28
illustrates the reproducing apparatus including the video
decoding device.

FIG. 29 is a functional block diagram illustrating a
detailed example configuration of a motion compensation
parameter derivation unit in the PU information decoding
unit in the video decoding device.

FIG. 30 is a functional block diagram illustrating a
detailed example configuration of a motion information
decoding unit in the decoding module in the video decoding
device.
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FIG. 31 illustrates an example of a PU syntax table in the
related art, and is a diagram illustrating the configuration of
encoded data in a case that no restriction of bi-prediction is
performed.

FIG. 32 includes diagrams illustrating the meaning of an
inter prediction flag. Part (a) of FIG. 32 illustrates the
meaning of an inter prediction flag in a case that the inter
prediction flag is a binary flag, and part (b) of FIG. 32
illustrates the meaning of an inter prediction flag in a case
that the inter prediction flag is a ternary flag.

FIG. 33 includes diagrams illustrating an example of a PU
syntax table, in which (a) and (b) illustrate the configuration
of encoded data in a case that restriction of bi-prediction is
performed, and specifically illustrate the portion of an inter
prediction flag inter_pred_flag.

FIG. 34 includes diagrams illustrating an example of a
syntax table for bi-prediction restriction. Part (a) of FIG. 34
illustrates the case that the sequence parameter set includes
a flag disable_bipred_in_small_PU restricting whether or
not to impose the restriction of bi-prediction. Part (b) of FIG.
34 illustrates an example in which a prediction restriction
flag use restricted prediction is used as a common flag. Part
(c) of FIG. 34 illustrates an example in which disable_bi-
pred_size indicating the size of a PU for which bi-prediction
is prohibited is included in encoded data.

FIG. 35 includes diagrams illustrating correspondences
between ranges over which the restriction of bi-prediction
applies and bi-prediction restriction methods.

DESCRIPTION OF EMBODIMENTS

An embodiment of the present invention will be described
with reference to FIG. 1 to FIG. 24. First, an overview of a
video decoding device (image decoding device) 1 and a
video encoding device (image encoding device) 2 will be
described with reference to FIG. 2. FIG. 2 is a functional
block diagram illustrating a schematic configuration of the
video decoding device 1.

The video decoding device 1 and the video encoding
device 2 illustrated in FIG. 2 implement technologies
adopted in the H.264/MPEG-4 AVC specifications, tech-
nologies adopted in KTA software, which is a codec for joint
development in VCEG (Video Coding Expert Group), tech-
nologies adopted in TMuC (Test Model under Consider-
ation) software, and technologies proposed in HEVC (High-
Efficiency Video Coding), which is a codec successor to
H.264/MPEG-4 AVC.

The video encoding device 2 generates encoded data #1
by entropy encoding the syntax values specified in the
above-described video coding standards to be transmitted
from an encoder to a decoder.

Context-based adaptive variable length coding (CAVLC)
and context-based adaptive binary arithmetic coding (CA-
BAC) are known as entropy coding schemes.

CAVLC- and CABAC-based encoding/decoding is based
on context-adaptive processing. The term “context” refers to
a state (context) of encoding/decoding. A context is deter-
mined using the previous encoded/decoded results of rel-
evant syntax. The relevant syntax includes, for example,
various syntax structures related to intra prediction and inter
prediction, various syntax structures related to luminance
(Luma) and color difference (Chroma), and various syntax
structures related to CU (coding unit) sizes. In CABAC,
furthermore, the position of the binary to be encoded/
decoded in binary data (binary sequence) corresponding to
a syntax structure may be used as a context.
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In CAVLC, various syntax elements are coded by adap-
tively changing a VLC table to be used for coding. In
CABAC, on the other hand, syntax elements that may take
multiple values, such as prediction modes and transform
coeflicients, are binarized, and binary data obtained by the
binarization procedure is adaptively arithmetically coded in
accordance with the probability of occurrence. Specifically,
a plurality of buffers each holding the probability of occur-
rence of a binary value (0 or 1) are prepared. One of the
buffers is selected in accordance with the context, and
arithmetic coding is performed based on the probability of
occurrence recorded on the selected buffer. The probability
of occurrence in the buffer is updated on the basis of the
binary value to be decoded/encoded, enabling the appropri-
ate probability of occurrence to be maintained in accordance
with the context.

The encoded data #1 obtained by the video encoding
device 2 encoding a moving image is input to the video
decoding device 1. The video decoding device 1 decodes the
input encoded data #1, and outputs a moving image #2 to
outside. Before proceeding to a detailed description of the
video decoding device 1, a description will be given here-
inafter of the configuration of the encoded data #1.
[Configuration of Encoded Data]

An example configuration of the encoded data #1 gener-
ated by the video encoding device 2 and decoded by the
video decoding device 1 will be described with reference to
FIG. 3. The encoded data #1 includes, by way of example,
a sequence and a plurality of pictures forming the sequence.

FIG. 3 illustrates a structure of layers including a picture
layer and layers below the picture layer in the encoded data
#1. Parts (a) to (d) of FIG. 3 are diagrams illustrating,
respectively, a picture layer that defines a picture PICT, a
slice layer that defines a slice S, a tree block layer that
defines a tree block TBLK, and a CU layer that defines a
coding unit (CU) included in the tree block TBLK.
(Picture Layer)

The picture layer defines a data set referred to by the video
decoding device 1 in order to decode a picture PICT being
processed (hereinafter also referred to as a target picture). As
illustrated in part (a) of FIG. 3, the picture PICT includes a
picture header PH and slices S, to S, (where NS is the total
number of slices included in the picture PICT).

Hereinafter, subscripts may be omitted if there is no need
to distinguish the slices S; to S, from one another. The
above similarly applies to other data items with subscripts
among the data items included in the encoded data #1,
described below.

The picture header PH includes a coding parameter group
referred to by the video decoding device 1 in order to
determine a method for decoding the target picture. For
example, coding mode information (entropy coding mode
flag) indicating a variable length coding mode used by the
video encoding device 2 for coding is an example of a
coding parameter included in the picture header PH.

If entropy coding mode flag is equal to 0, the picture PICT
is a picture coded using CAVLC (Context-based Adaptive
Variable Length Coding). If entropy coding mode flag is
equal to 1, the picture PICT is a picture coded using CABAC
(Context-based Adaptive Binary Arithmetic Coding).

The picture header PH is also referred to as a picture
parameter set (PPS).

(Slice Layer)

The slice layer defines a data set referred to by the video
decoding device 1 in order to decode a slice S being
processed (hereinafter also called a target slice). As illus-
trated in part (b) of FIG. 3, the slice S includes a slice header
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SH and tree blocks TBLK, to TBLK,, (where NC is the
total number of tree blocks included in the slice S).

The slice header SH includes a coding parameter group
referred to by the video decoding device 1 in order to
determine a method for decoding the target slice. Slice type
specifying information (slice type) specifying a slice type is
an example of a coding parameter included in the slice
header SH.

Slice types that may be specified by the slice type speci-
fying information include (1) I slice that uses only intra
prediction for coding, (2) P slice that uses uni-prediction or
intra prediction for coding, and (3) B slice that uses uni-
prediction, bi-prediction, or intra prediction for coding.

The slice header SH may also include filter parameters
referred to by a loop filter (not illustrated) included in the
video decoding device 1.

(Tree Block Layer)

The tree block layer defines a data set referred to by the
video decoding device 1 in order to decode a tree block
TBLK being processed (hereinafter also called a target tree
block).

The tree block TBLK includes a tree block header
TBLKH and coding unit information items CU, to CU,;
(where NL is the total number of coding unit information
items included in the tree block TBLK). The following is a
description of, first, the relationship between the tree block
TBLK and the coding unit information CU.

The tree block TBLK is split into units for specifying
block sizes for the respective processes of intra prediction or
inter prediction and transformation.

The units of the tree block TBLK are obtained by recur-
sive quadtree partitioning. The tree structure obtained by the
recursive quadtree partitioning is hereinafter referred to as a
coding tree.

In the following, units corresponding to leaf nodes that are
end points in a coding tree will be referenced as coding
nodes. Since a coding node is the basic unit of a coding
process, a coding node is hereinafter also referred to as a
coding unit (CU).

That is, the coding unit information items CU, to CU,,
are information items corresponding to the coding nodes
(coding units) obtained by the recursive quadtree partition-
ing of the tree block TBLK.

The root of the coding tree is associated with the tree
block TBLK. In other words, the tree block TBLK is
associated with the highest node of a quadtree structure
recursively including a plurality of coding nodes.

The size of each individual coding node is half, both
horizontally and vertically, the size of a coding node to
which the individual coding node directly belongs (that is,
the unit at the node that is one layer above the individual
coding node).

The size that each individual coding node may take
depends on size specifying information and the maximum
hierarchical depth of the individual coding node, which are
included in the sequence parameter set SPS in the encoded
data #1. For example, if the tree block TBLK has a size of
64x64 pixels and has a maximum hierarchical depth of 3,
each of the coding nodes in the layers at or below the tree
block TBLK may take any of the following four sizes:
64x64 pixels, 32x32 pixels, 16x16 pixels, and 8x8 pixels.
(Tree Block Header)

The tree block header TBLKH includes coding param-
eters referred to by the video decoding device 1 in order to
determine a method for decoding the target tree block.
Specifically, as illustrated in part (¢) of FIG. 3, the tree block
header TBLKH includes tree block split information
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SP_TBLK specifying a pattern in which the target tree block
is split into individual CUs, and a quantization parameter
difference Aqp (qp_delta) specifying a quantization step
size.

The tree block split information SP_TBLK is information
indicating a coding tree for splitting a tree block. Specifi-
cally, the tree block split information SP_TBLK is informa-
tion for specifying the shape and size of the CUs included in
the target tree block and also specifying the position of the
CUs in the target tree block.

The tree block split information SP_TBLK may not
necessarily explicitly include the shape or size of the CUs.
For example, the tree block split information SP_TBLK may
be a set of flags (split coding unit flag) indicating whether or
not to split the entire target tree block or a sub-block of a tree
block into four sections. In this case, the shape and size of
the CUs can be identified using the shape and size of the tree
block in combination with the set of flags.

The quantization parameter difference Aqp is a difference
qp-qp' between a quantization parameter qp in the target tree
block and a quantization parameter qp' in the tree block that
has been coded immediately before the target tree block.
(Cu Layer)

The CU layer defines a data set referred to by the video
decoding device 1 in order to decode a CU being processed
(hereinafter also referred to as a target CU).

Before proceeding to the discussion of the specific content
of'the data items included in the coding unit information CU,
a description will be given of the tree structure of data items
included in a CU. A coding node is a node at the root of a
prediction tree (PT) and a transform tree (TT). The follow-
ing is a description of the prediction tree and the transform
tree.

In the prediction tree, the coding node is split into one or
more prediction blocks, and the prediction tree specifies the
position and size of the individual prediction blocks. In other
words, prediction blocks are one or more non-overlapping
regions forming a coding node. The prediction tree includes
one or more prediction blocks obtained by the splitting
procedure described above.

A prediction process is performed in units of prediction
blocks. The prediction blocks, which are the units of pre-
diction, are hereinafter also referred to as prediction units
(PUs).

There are roughly two prediction tree partition types,
namely, intra prediction and inter prediction.

For the intra prediction, partitions of 2Nx2N (the same
size as the coding node) and NxN are available.

For the inter prediction, partitions of 2Nx2N (the same
size as the coding node), 2NxN, Nx2N, NxN, and the like
are available.

In the transform tree, the coding node is split into one or
more transform blocks, and the transform tree specifies the
position and size of the individual transform blocks. In other
words, transform blocks are one or more non-overlapping
regions forming a coding node. The transform tree includes
one or more transform blocks obtained by the splitting
procedure described above.

A transform process is performed in units of transform
blocks. The transform blocks, which are the units of trans-
form, are hereinafter also referred to as transform units
(TUs).

(Data structure of coding unit information) Next, the
detailed content of data items included in the coding unit
information CU will be described with reference to part (d)
of FIG. 3. As illustrated in part (d) of FIG. 3, specifically, the
coding unit information CU includes a skip mode flag (a skip
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flag) SKIP, CU prediction type information Pred_type, PT
information PTI, and TT information TTI.
[Skip Flag]

The skip flag SKIP is a flag indicating whether or not a
skip mode is applied to the target CU. If the value of the skip
flag SKIP is equal to 1, that is, if a skip mode is applied to
the target CU, the PT information PTI in the coding unit
information CU is omitted. The skip flag SKIP is omitted in
I slices.

[CU Prediction Type Information]

The CU prediction type information Pred_type includes
CU prediction mode information PredMode and PU parti-
tion type information PartMode.

The CU prediction mode information PredMode specifies
which of intra prediction (intra CU) and inter prediction
(inter CU) to use as a prediction image generation method
for each of the PUs included in the target CU. In the
following, the types of skip, intra prediction, and inter
prediction in the target CU are referred to as CU prediction
modes.

The PU partition type information PartMode specifies a
PU partition type that is a pattern in which the target coding
unit (CU) is split into individual PUs. The split of the target
coding unit (CU) into individual PUs in the manner
described above in accordance with the PU partition type is
hereinafter referred to as PU partition.

The PU partition type information PartMode may be, by
way of example, an index indicating a type of PU partition
pattern, or may specify the shape and size of the PUs
included in the target prediction tree and also specify the
position of the PUs in the target prediction tree.

PU partition types that can be selected differ depending on
the CU prediction scheme and the CU size. Moreover, PU
partition types that can be selected differ depending on inter
prediction or intra prediction. The details of the PU partition
types will be described below.

For non-I slices, the value of the PU partition type
information PartMode may be identified by an index (cu_s-
plit_pred_part_mode) specifying a combination of tree
block partitioning, prediction scheme, and CU splitting
method.

[Pt Information]

The PT information PTI is information concerning a PT
included in the target CU. In other words, the PT informa-
tion PTI is a set of information items each concerning one
of one or more PUs included in the PT. As described above,
since a prediction image is generated on a per-PU basis, the
PT information PTI is referred to by the video decoding
device 1 to generate a prediction image. As illustrated in part
(d) of FIG. 3, the PT information PTI includes PU infor-
mation items PUI, to PUI,, (where NP is the total number
of PUs included in the target PT) each including prediction
information and the like on one of the PUs.

The prediction information PUT includes intra prediction
information or inter prediction information in accordance
with which prediction method the prediction type informa-
tion Pred_mode specifies. In the following, a PU to which
intra prediction is applied is also referred to as an intra PU,
and a PU to which inter prediction is applied is also referred
to as an inter PU.

The inter prediction information includes coding param-
eters referred to by the video decoding device 1 to generate
an inter prediction image using inter prediction.

Inter prediction parameters include, for example, a merge
flag (merge_flag), a merge index (merge_idx), a motion
vector predictor index (mvp_idx), a reference image index
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(ref_idx), an inter prediction flag (inter_pred_flag), and a
motion vector difference (mvd).

The intra prediction information includes coding param-
eters referred to by the video decoding device 1 to generate
an intra prediction image using intra prediction.

Intra prediction parameters include, for example, an esti-
mated prediction mode flag, an estimated prediction mode
index, and a residual prediction mode index.

In the intra prediction information, a PCM mode flag
indicating whether or not to use a PCM mode may be coded.
If the PCM mode flag has been coded and the PCM mode
flag indicates the use of the PCM mode, the processes of
prediction (intra), transformation, and entropy coding are
omitted.

[Tt Information]

The TT information TTI is information concerning a TT
included in a CU. In other words, the TT information TTI is
a set of information items each concerning one of one or
more TUs included in the TT. The TT information TTI is
referred to by the video decoding device 1 to decode residual
data. In the following, a TU may also be referred to as a
block.

As illustrated in part (d) of FIG. 3, the TT information TTI
includes TT split information SP_TU specifying a pattern in
which the target CU is split into individual transform blocks,
and TU information items TUI, to TUI, (where NT is the
total number of blocks included in the target CU).

The TT split information SP_TU is information for,
specifically, determining the shape and size of the TUs
included in the target CU and also determining the position
of'the TUs in the target CU. The TT split information SP_TU
may be implemented by, for example, information
(split_transform_flag) indicating whether or not to split the
target node into partitions and information (trafoDepth)
indicating the depth of the partitions.

For example, if the CU size is 64x64, each of the TUs
obtained by splitting may have a size in the range of 32x32
pixels to 4x4 pixels.

The TU information items TUI, to TUL are individual
information items each concerning one of one or more TUs
included in the TT. For example, the TU information TUI
includes quantized prediction residuals.

Each quantized prediction residual is encoded data gen-
erated by the video encoding device 2 performing the
following processes 1 to 3 on the target block, which is a
block being processed.

Process 1: Application of a DCT transform (Discrete
Cosine Transform) to a prediction residual obtained by
subtracting a prediction image from an image to be encoded;

Process 2: Quantization of a transform coeflicient
obtained by Process 1; and

Process 3: Encoding of the transform coefficient quan-
tized in Process 2 using a variable-length code.

The quantization parameter qp described above represents
the size of the quantization step QP used when the video
encoding device 2 quantizes a transform coeflicient
(QP=27°).

(PU Partition Type)

Given that the target CU has a size of 2Nx2N pixels, the
PU partition type has the following eight patterns: four
symmetric partitions (symmetric splittings) of 2Nx2N pix-
els, 2NxN pixels, Nx2N pixels, and NxN pixels, and four
asymmetric partitions (asymmetric splittings) of 2NxnU
pixels, 2NxnD pixels, n[.x2N pixels, and nRx2N pixels.
Note that N=2"" (where m is an arbitrary integer greater than
or equal to 1). In the following, regions obtained by splitting
the target CU are also referred to as partitions.

15

35

40

45

12

Parts (a) to (h) of FIG. 4 illustrate specific positions of the
boundaries of PU partitions in CUs for the respective
partition types.

Part (a) of FIG. 4 illustrates the PU partition type of
2Nx2N in which the CU is not split.

Parts (b), (c), and (d) of FIG. 4 illustrate the shape of
partitions for the PU partition types of 2NxN, 2NxnU, and
2NxnD, respectively. In the following, partitions for the PU
partition types of 2NxN, 2NxnU, and 2NxnD are collec-
tively referred to as landscape-oriented partitions.

Parts (e), (f), and (g) of FIG. 4 illustrate the shape of
partitions for the PU partition types of Nx2N, n[.x2N, and
nRx2N, respectively. In the following, partitions for the PU
partition types of Nx2N, n[.x2N, and nRx2N are collec-
tively referred to as portrait-oriented partitions.

The landscape-oriented partitions and the portrait-ori-
ented partitions are collectively referred to as rectangular
partitions.

Part (h) of FIG. 4 illustrates the shape of partitions for the
PU partition type of NxN. The PU partition types in parts (a)
and (h) of FIG. 4 are also referred to as a square partition,
which is based on the shapes of the partitions. The PU
partition types in parts (b) to (g) of FIG. 4 are also referred
to as a non-square partition.

In parts (a) to (h) of FIG. 4, numbers assigned to indi-
vidual regions represent the identification numbers of the
regions, and the regions are processed in ascending order of
their identification numbers. That is, the identification num-
bers represent the scan order of the regions.

In parts (a) to (h) of FIG. 4, furthermore, it is assumed that
the upper left corner is the reference point (origin) of the CU.
[Partition Types for Inter Prediction]

Of the eight partition types described above, seven types,
other than NxN (part (h) of FIG. 4), are defined for inter
PUs. The four asymmetric splittings described above may
also be referred to as AMPs (Asymmetric Motion Parti-
tions).

The specific value of N, described above, is specified by
the size of the CU to which the current PU belongs, and the
specific values of nU, nD, nl, and nR are determined in
accordance with the value of N. For example, an inter CU
having 128x128 pixels can be split into an inter PU having
128%128 pixels or into inter PUs having 128x64 pixels,
64x128 pixels, 64x64 pixels, 128x32 pixels, 128x96 pixels,
32x128 pixels, or 96x128 pixels.

[Partition Types for Intra Prediction]

The following two partition patterns are defined for intra
PUs: the partition pattern of 2Nx2N in which the target CU
is not split, that is, the target CU itself is handled as one PU,
and the pattern of NxN in which the target CU is symmetri-
cally split into four PUs.

Thus, referring to the examples illustrated in FIG. 4, the
partition patterns in parts (a) and (h) may be used for intra
PUs.

For example, an intra CU having 128x128 pixels may be
split into an intra PU having 128x128 pixels or intra PUs
having 64x64 pixels.

For I slices, the coding unit information CU may include
an intra partition mode (intra_part_mode) for identifying the
PU partition type PartMode.

(TU Partitioning and Order of TUs in Node)

Next, TU partitioning and the order of TUs in a node will
be described with reference to FIG. 18 to FIG. 20. A TU
partition pattern is determined by the CU size, the partition
depth (trafoDepth), and the PU partition type of the target
PU.



US 12,184,879 B2

13

The TU partition patterns include square quadtree parti-
tions and non-square quadtree partitions. Specific examples
of the TU partition patterns are illustrated in FIG. 18 and
FIG. 19.

FIG. 18 illustrates partitioning schemes in which a square
node is split into square or non-square nodes using quadtree
partitioning.

Part (a) of FIG. 18 illustrates a partitioning scheme in
which a square node is split into square nodes using quadtree
partitioning. Part (b) of FIG. 18 illustrates a partitioning
scheme in which a square node is split into landscape-
oriented rectangular nodes using quadtree partitioning. Part
(c) of FIG. 18 illustrates a partitioning scheme in which a
square node is split into portrait-oriented rectangular nodes
using quadtree partitioning.

FIG. 19 illustrates partitioning schemes in which a non-
square node is split into square or non-square nodes using
quadtree partitioning.

Part (a) of FIG. 19 illustrates a partitioning scheme in
which a landscape-oriented rectangular node is split into
landscape-oriented rectangular nodes using quadtree parti-
tioning. Part (b) of FIG. 19 illustrates a partitioning scheme
in which a landscape-oriented rectangular node is split into
square nodes using quadtree partitioning. Part (c) of FIG. 19
illustrates a partitioning scheme in which a portrait-oriented
rectangular node is split into portrait-oriented rectangular
nodes using quadtree partitioning. Part (d) of FIG. 19
illustrates a partitioning scheme in which a portrait-oriented
rectangular node is split into square nodes using quadtree
partitioning.

FIG. 20 illustrates an example of TU partitions of a 32x32
CU with the PU partition type of 2NxN. In FIG. 20, “depth”
represents the partition depth (trafoDepth). Further, “split”
represents the value of split_transform_flag at the corre-
sponding depth. If “split” is equal to “1”, TU partitioning is
applied to the node at the corresponding depth. If “split” is
equal to “0”, no TU partitioning is applied.

The details of the correspondences between the TU par-
tition patterns and CU sizes, partition depths (trafoDepth),
and PU partition types of the target PU will be described
below.

[Video Decoding Device]

A configuration of the video decoding device 1 according
to this embodiment will be described hereinafter with ref-
erence to FIG. 1 to FIG. 24.

(Overview of Video Decoding Device)

The video decoding device 1 generates a prediction image
for each PU. The video decoding device 1 adds the generated
prediction image to a prediction residual decoded from the
encoded data #1 to generate a decoded image #2, and
outputs the generated decoded image #2 to outside.

The generation of a prediction image is based on the
reference to coding parameters obtained by decoding the
encoded data #1. The coding parameters are parameters
referred to in order to generate a prediction image. The
coding parameters include prediction parameters such as a
motion vector that is referred to in inter-frame prediction and
a prediction mode that is referred to in intra-frame predic-
tion. The coding parameters also include the PU size and
shape, the block size and shape, residual data between the
original image and the prediction image, and so on. In the
following, a set of all information items, except for the
residual data, among the information items included in the
coding parameters is referred to as side information.

In the following, furthermore, the picture (frame), slice,
tree block, block, and PU to be decoded are referred to as the
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target picture, the target slice, the target tree block, the target
block, and the target PU, respectively.

The tree block size is, for example, 64x64 pixels, and the
PU size is, for example, 64x64 pixels, 32x32 pixels, 16x16
pixels, 8x8 pixels, 4x4 pixels, or the like. However, these
sizes are merely illustrative, and any other tree block size
and PU size may be used.

(Configuration of Video Decoding Device)

Referring back to FIG. 2, a schematic configuration of the
video decoding device 1 will be described hereinafter. F1G.
2 is a functional block diagram illustrating a schematic
configuration of the video decoding device 1.

As illustrated in FIG. 2, the video decoding device 1
includes a decoding module 10, a CU information decoding
unit 11, a PU information decoding unit 12, a TU informa-
tion decoding unit 13, a prediction image generation unit 14,
a dequantization/inverse transform unit 15, a frame memory
16, and an adder 17.

[Decoding Module]

The decoding module 10 performs a decoding process to
decode a syntax value from a binary representation. More
specifically, the decoding module 10 decodes a syntax value
encoded using an entropy coding scheme such as CABAC or
CAVLC, on the basis of the encoded data and syntax type
supplied from the source, and returns the decoded syntax
value to the source.

In the example described below, the source from which
the encoded data and the syntax type are supplied includes
the CU information decoding unit 11, the PU information
decoding unit 12, and the TU information decoding unit 13.

The following is a description of an example of the
decoding process of the decoding module 10, in which a
binary representation (bit sequence) of encoded data and the
syntax type “split coding unit flag” are supplied from the CU
information decoding unit 11 to the decoding module 10. In
this case, the decoding module 10 refers to the associations
between a bit sequence related to “split coding unit flag” and
a syntax value to derive the syntax value from the binary
representation, and returns the derived syntax value to the
CU information decoding unit 11.

[CU Information Decoding Unit]

The CU information decoding unit 11 performs a decod-
ing process on encoded data #1 of one frame, which is input
from the video encoding device 2, using the decoding
module 10 on the tree block and CU levels. Specifically, the
CU information decoding unit 11 decodes the encoded data
#1 using the following procedure.

First, the CU information decoding unit 11 refers to
various headers included in the encoded data #1, and
sequentially separates the encoded data #1 into slices and
then tree blocks.

The various headers include (1) information on the
method of partitioning the target picture into slices, and (2)
information on the size and shape of tree blocks included in
the target slice and the position of the tree blocks in the
target slice.

The CU information decoding unit 11 refers to the tree
block split information SP_TBLK included in the tree block
header TBLKH, and splits the target tree block into CUs.

Then, the CU information decoding unit 11 acquires
coding unit information (hereinafter referred to as CU
information) corresponding to the obtained CUs. The CU
information decoding unit 11 sequentially designates each of
the CUs included in the tree block as a target CU, and
executes the decoding process on the CU information cor-
responding to the target CU.
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That is, the CU information decoding unit 11 demulti-
plexes the TT information TTI concerning the transform tree
obtained for the target CU and the PT information PTI
concerning the prediction tree obtained for the target CU.

As described above, the TT information TTI includes TU
information TUI corresponding to the TUs included in the
transform tree. As described above, the PT information PTI
includes PU information PUI corresponding to the PUs
included in the target prediction tree.

The CU information decoding unit 11 supplies the PT
information PTI obtained for the target CU to the PU
information decoding unit 12. Further, the CU information
decoding unit 11 supplies the TT information TTI obtained
for the target CU to the TU information decoding unit 13.
[PU Information Decoding Unit]

The PU information decoding unit 12 performs a decod-
ing process on the PT information PTI supplied from the CU
information decoding unit 11, using the decoding module 10
on the PU level. Specifically, the PU information decoding
unit 12 decodes the PT information PTI using the following
procedure.

The PU information decoding unit 12 refers to the PU
partition type information PartMode, and determines the PU
partition type for the target prediction tree. Then, the PU
information decoding unit 12 sequentially designates each of
the PUs included in the target prediction tree as a target PU,
and executes the decoding process on the PU information
corresponding to the target PU.

That is, the PU information decoding unit 12 decodes
parameters used for the generation of a prediction image,
from the PU information corresponding to the target PU.

The PU information decoding unit 12 supplies the PU
information decoded for the target PU to the prediction
image generation unit 14.

[TU Information Decoding Unit]

The TU information decoding unit 13 performs a decod-
ing process on the TT information TTI supplied from the CU
information decoding unit 11, using the decoding module 10
on the TU level. Specifically, the TU information decoding
unit 13 decodes the TT information TTI using the following
procedure.

The TU information decoding unit 13 refers to the TT split
information SP_TU, and splits the target transform tree into
nodes or TUs. If the further splitting of the target node is
specified, the TU information decoding unit 13 recursively
performs the splitting of the TUs.

When the splitting process is completed, the TU infor-
mation decoding unit 13 sequentially designates each of the
TUs included in the target prediction tree as a target TU, and
executes the decoding process on the TU information cor-
responding to the target TU.

That is, the TU information decoding unit 13 decodes
parameters used for the restoration of a transform coeffi-
cient, from the TU information corresponding to the target
TU.

The TU information decoding unit 13 supplies the TU
information decoded for the target TU to the dequantization/
inverse transform unit 15.

[Prediction Image Generation Unit]

The prediction image generation unit 14 generates a
prediction image for each of the PUs included in the target
CU, on the basis of the PT information PTI. Specifically, the
prediction image generation unit 14 performs intra predic-
tion or inter prediction on each target PU included in the
target prediction tree in accordance with the parameters
included in the PU information PUI corresponding to the
target PU to generate a prediction image Pred from a
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decoded image, or a locally decoded image P'. The predic-
tion image generation unit 14 supplies the generated pre-
diction image Pred to the adder 17.

The following is a description of a technique how the
prediction image generation unit 14 generates a prediction
image of a PU included in the target CU on the basis of
motion compensation prediction parameters (motion vector,
reference image index, inter prediction flag).

If the inter prediction flag indicates uni-prediction, the
prediction image generation unit 14 generates a prediction
image corresponding to a decoded image located at the
position indicated by the motion vector of the reference
image identified by the reference image index.

If the inter prediction flag indicates bi-prediction, on the
other hand, the prediction image generation unit 14 gener-
ates a prediction image using motion compensation for each
of two combinations of reference image indices and motion
vectors and averages the generated prediction images, or
performs weighted addition of the respective prediction
images on the basis of the display time interval between the
target picture and the respective reference images. Accord-
ingly, the prediction image generation unit 14 generates a
final prediction image.

[Dequantization/Inverse Transform Unit]

The dequantization/inverse transform unit 15 performs a
dequantization and inverse transform process on each of the
TUs included in the target CU on the basis of the TT
information TTI. Specifically, the dequantization/inverse
transform unit 15 dequantizes and performs inverse orthogo-
nal transform on the quantized prediction residual included
in the TU information TUI corresponding to each of the
target TUs included in the target transform tree to restore a
prediction residual D for each pixel. The term “orthogonal
transform”, as used herein, refers to the orthogonal trans-
form from the pixel domain to the frequency domain. The
term “inverse orthogonal transform” thus refers to the trans-
form from the frequency domain to the pixel domain.
Examples of the inverse orthogonal transform include
inverse DCT transform (Inverse Discrete Cosine Transform)
and inverse DST transform (Inverse Discrete Sine Trans-
form). The dequantization/inverse transform unit 15 sup-
plies the restored prediction residual D to the adder 17.
[Frame Memory]

Decoded images P are sequentially recorded on the frame
memory 16 together with the parameters used in the decod-
ing of the decoded images P. At the time of decoding of a
target tree block, the frame memory 16 has recorded thereon
the decoded images corresponding to all the tree blocks (for
example, all the preceding tree blocks in raster scan order)
that have already been decoded before the target tree block.
The decoding parameters recorded on the frame memory 16
include, for example, the CU prediction mode information
PredMode.

[Adder]

The adder 17 adds the prediction images Pred supplied
from the prediction image generation unit 14 to the predic-
tion residuals D supplied from the dequantization/inverse
transform unit 15 to generate a decoded image P for the
target CU.

At the time when the generation process for a decoded
image on a tree block basis is completed for all the tree
blocks in an image, a decoded image #2 corresponding to
encoded data #1 of one frame, which is input to the video
decoding device 1, is output to outside from the video
decoding device 1.

In the following, a detailed description will be given of
the respective configurations of (1) the CU information
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decoding unit 11, (2) the PU information decoding unit 12,
and (3) the TU information decoding unit 13, together with
the configuration of the decoding module 10 corresponding
to the configurations.

(1) Details of CU Information Decoding Unit

An example configuration of the CU information decod-
ing unit 11 and the decoding module 10 will now be
described with reference to FIG. 1. FIG. 1 is a functional
block diagram exemplifying a configuration for decoding
CU prediction information in the video decoding device 1,
that is, the configuration of the CU information decoding
unit 11 and the decoding module 10.

The configuration of the individual components in the CU
information decoding unit 11 and the decoding module 10
will be described hereinafter in this order.

(CU Information Decoding Unit)

As illustrated in FIG. 1, the CU information decoding unit
11 includes a CU prediction mode determination unit 111, a
PU size determination unit 112, and a PU size table 113.

The CU prediction mode determination unit 111 supplies
encoded data and syntax type of the CU prediction mode and
encoded data and syntax type of the PU partition type to the
decoding module 10. In addition, the CU prediction mode
determination unit 111 acquires the syntax values of the CU
prediction mode and the syntax values of the PU partition
type, which have been decoded, from the decoding module
10.

Specifically, the CU prediction mode determination unit
111 determines the CU prediction mode and the PU partition
type as follows.

First, the CU prediction mode determination unit 111
determines whether or not the target CU is a skip CU using
a skip flag SKIP decoded by the decoding module 10.

If the target CU is not a skip CU, the CU prediction type
information Pred_type is decoded using the decoding mod-
ule 10. Further, the CU prediction mode determination unit
111 determines whether the target CU is an intra CU or an
inter CU on the basis of the CU prediction mode information
PredMode included in the CU prediction type information
Pred_type, and also determines the PU partition type on the
basis of the PU partition type information PartMode.

The PU size determination unit 112 refers to the PU size
table 113, and determines the number of PUs and a PU size
from the size of the target CU and the CU prediction type
and PU partition type determined by the CU prediction
mode determination unit 111.

The PU size table 113 is a table in which the numbers of
PUs and PU sizes are associated with CU sizes and combi-
nations of CU prediction types and PU partition types.

A specific example configuration of the PU size table 113
will now be described with reference to FIG. 5.

The PU size table 113 illustrated in FIG. 5 defines the
numbers of PUs and PU sizes in accordance with CU sizes
and PU partition types (intra CU and inter CU). In the table,
the symbol “d” denotes the CU partition depth.

In the PU size table 113, the following four CU sizes are
defined: 64x64, 32x32, 16x16, and 8x8.

In the PU size table 113, furthermore, the number of PUs
and a PU size for each PU partition type are defined for each
CU size.

For example, for a 64x64 inter CU and a partition of
2NxN, the number of PUs is 2 and the PU sizes are both
64x32.

For a 64x64 inter CU and a partition of 2NxnU, the
number of PUs is 2 and the PU sizes are 64x16 and 64x48.

For an 8x8 intra CU and a partition of NxN, the number
of PUs is 4 and the PU sizes are all 4x4.
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The PU partition type of a skip CU is presumably 2Nx2N.
In the table, the sign “-” represents an unselectable PU

partition type.

Specifically, for the CU size of 88, PU partition types of
asymmetric partition (2NxnU, 2NxnD, n[.x2N, and nRx2N)
are not selectable in the case of inter CU. In the case of inter
CU, furthermore, the PU partition type of NxN is not
selectable.

For intra prediction, the PU partition type of NxN is
selectable only in the case of 8x8 CU size.

(Decoding Module)

As illustrated in FIG. 1, the decoding module 10 includes
a CU prediction mode decoding unit (decoding means,
changing means) 1011, a binarization information storage
unit 1012, a context storage unit 1013, and a probability
setting storage unit 1014.

The CU prediction mode decoding unit 1011 decodes a
syntax value, in accordance with the encoded data and
syntax type supplied from the CU prediction mode deter-
mination unit 111, from a binary representation included in
the encoded data. Specifically, the CU prediction mode
decoding unit 1011 performs decoding processes for the CU
prediction mode and the PU partition type in accordance
with the binarization information stored in the binarization
information storage unit 1012. The CU prediction mode
decoding unit 1011 also performs a decoding process for the
skip flag.

The binarization information storage unit 1012 stores
binarization information for allowing the CU prediction
mode decoding unit 1011 to decode a syntax value from a
binary representation. The binarization information is infor-
mation indicating associations between binary representa-
tions (bin sequences) and syntax values.

The context storage unit 1013 stores contexts referred to
by the CU prediction mode decoding unit 1011 in decoding
processes.

The probability setting storage unit 1014 stores probabil-
ity setting values referred to by the CU prediction mode
decoding unit 1011 to decode a bin sequence from encoded
data using an arithmetic decoding process. The probability
setting values include recorded setting values each corre-
sponding to a context, and specified probability setting
values. The probability setting values corresponding to the
individual contexts are updated based on the results of
arithmetic decoding. On the other hand, the specified prob-
ability setting values are fixed and are not updated in
accordance with the results of arithmetic decoding. The
probability setting values may not necessarily be in the form
of the values of probability, but may be represented as being
indicated by integer values corresponding to the values of
probability.

[Specific Example Configuration]

[1-1] Example of Configuration for Restricting Refer-
ences to Contexts

If the PU partition type is an asymmetric partition, the CU
prediction mode decoding unit 1011 may perform a decod-
ing process on information indicating a partition type of the
asymmetric partition, without using contexts for CABAC. In
other words, the CU prediction mode decoding unit 1011
may decode a bin sequence corresponding to information
indicating a partition type of the asymmetric partition from
encoded data using arithmetic decoding, by performing the
decoding process using a specified probability setting value
(for example, a probability setting value in which the
probability of occurrence of 0 is equal to the probability of
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occurrence of 1) without using a probability setting value
recorded on the probability setting storage unit 1014 for
each context.

A configuration for restricted references to contexts,
described above, will be described hereinafter by way of
example with reference to FIG. 7.

The CU prediction mode decoding unit 1011 decodes
information indicating a partition type of asymmetric parti-
tion, assuming a specified probability.

A more specific example of the present example configu-
ration will now be described with reference to FIG. 7. An
association table BT1 illustrated in FIG. 7 depicts rectan-
gular partitions, with the prefix portion indicating whether
the direction of partitioning is landscape orientation (hori-
zontal) or portrait orientation (vertical) and the suffix portion
indicating partition types.

For example, when the prefix portion indicates that the PU
partition type is a landscape-oriented partition, the suffix
portion indicates which of the three kinds of landscape-
oriented partitions, namely, 2NxN, 2NxnU, and 2NxnD, to
select.

If the PU partition type is a rectangular partition, the CU
prediction mode decoding unit 1011 refers to the specified
probability setting values set in the probability setting stor-
age unit 1014, instead of the probability setting values
recorded for the respective contexts, which are set in the
probability setting storage unit 1014, and performs arithme-
tic decoding of each bin in the suffix portion. The probability
setting value may be set on the basis of the assumption of,
for example, equal probabilities.

The term “CABAC arithmetic decoding using a context”,
as used herein, refers to a process for recording or updating
the (state indicating the) probability of occurrence of a
binary value in accordance with the position (context) of a
binary representation and performing arithmetic decoding
based on the probability of occurrence (state). The term
“CABAC arithmetic decoding without using a context”, in
contrast, refers to arithmetic decoding based on a fixed
probability determined by a probability setting value without
updating the probability of occurrence (state) of a binary
value. Since the update of the probability of occurrence
(state) is not necessary in encoding processes or decoding
processes if contexts are not used, processing load is reduced
and throughput is increased. In addition, a memory for
accumulating probabilities of occurrence (states) corre-
sponding to contexts is not necessary. Coding with a fixed
probability of 0.5 may be referred to as EP coding (equal
probabilities, equal probability coding) or bypass.

The operations and effects of the configuration described
above will be described with reference to FIG. 6. A context
is effective for the improvement in coding efficiency when
the same code appears consecutively in a specific condition.
Coding efficiency is improved by decoding the suffix portion
by referring to contexts when, specifically, 2NxN, 2NxnU,
or 2NxnD is consecutively selected in a state where a
landscape-oriented partition is selected. This effect works,
for example, when 2NxN is selected in a prediction unit
subsequent to the prediction unit in which 2NxN was
selected.

On the other hand, partitions are generally set so as not to
lie over edge boundaries, as illustrated in FIG. 6.

Specifically, as illustrated in FIG. 6, if an edge E1 having
an inclination is present in a region, the PU partition type of
a CU 10 and a CU 20 is determined so that no partitions lie
across the edge F1.
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More specifically, the edge E1 is present near the center
in the vertical direction of a region in the CU 10, whereas the
edge E1 is present in an upper portion of a region in the CU
20.

In this manner, if an edge E1 having an inclination is
present in a region, the CU 10 is split into a PU 11 and a PU
12 that are symmetric to each other using the 2NxN PU
partition type so that no partitions lie across the edge F1.

The CU 20 is split into a PU 21 and a PU 22 that are
asymmetric to each other using the 2NxnU partition type so
that no partitions lie across the edge E1.

In this manner, if an edge E1 having an inclination is
present in a region, in some cases, partitions having the same
shape do not appear consecutively.

In such cases, 2NxN, 2NxnU, or 2NxnD is not consecu-
tively selected. In these cases, coding efficiency might not be
reduced even without using contexts.

As in the configuration described above, the information
described above is decoded with the assumption of a speci-
fied probability for the prefix portion, which may simplify
the decoding process for pred_type while maintaining cod-
ing efficiency.

[Operations and Effects]

The present invention may also be expressed in the
following form. An image decoding device according to an
aspect of the present invention is an image decoding device
for restoring an image by generating a prediction image for
each of prediction units obtained by splitting a coding unit
into one or more partitions. Partition types in which a coding
unit is split into the prediction units include a partition into
rectangular prediction units, and codes for identifying a
partition into the rectangular prediction units include a code
indicating whether each of the rectangular prediction units is
portrait-oriented or landscape-oriented, and a code indicat-
ing a type of rectangular prediction unit. The image decod-
ing device includes decoding means for decoding the code
indicating a type of rectangular prediction unit without using
a context.

Thus, it is possible to achieve simplified processes with-
out referring to contexts while maintaining coding effi-
ciency.

The example described above may also be expressed as
follows. Information for selecting any PU partition type
among a set of PU partition types for PU partition including
a plurality of rectangular partitions, the set of PU partition
types including symmetric partition types and asymmetric
partition types, may be decoded without using a context.

In the example described above, a context may be used for
the decoding of some of the bins in a bin sequence corre-
sponding to information used for the selection of asymmet-
ric partition, instead of no contexts being used for the
decoding of any of the bins. For example, in the example in
FIG. 7 described above, if a partition including a rectangular
partition is selected for a CU having a size larger than 8x8,
up to two-digit bins are decoded. Of the two-digit bins, the
first digit is information indicating a symmetric partition or
an asymmetric partition. The second digit is a bin to be
decoded if the first digit is equal to ‘0’, or indicates an
asymmetric partition, and represents a positional relation-
ship between the smaller PU and the larger PU in an
asymmetric partition. Preferably, a context is not set for the
first digit since the same code may not necessarily appear
consecutively due to the reason described above with ref-
erence to FIG. 6. For the second digit, however, a context is
preferably set because on the basis of the assumption that an
asymmetric partition is being used, the smaller PU locally
tends to be tilted to one side (for example, upward or
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downward if the second digit indicates information on the
selection of 2NxnU or 2NxnD).

[1-2] Configuration for Decoding CU Prediction Type
Information (Pred_Type)

The CU prediction mode decoding unit 1011 may be
configured to decode CU prediction type information by
referring to the binarization information stored in the bina-
rization information storage unit 1012, as described below.

An example configuration of the binarization information
stored in the binarization information storage unit 1012 will
be described with reference to FIG. 7. FIG. 7 is a table
indicating an example of binarization information that
defines associations between combinations of CU prediction
types and PU partition types and bin sequences.

In FIG. 7, by way of example, but not limited to, bina-
rization information is represented in tabular form in which
bin sequences are associated with CU prediction types and
PU partition types. The binarization information may be
represented as derivation formulas from which PU partition
types and CU prediction types are derived. The above
similarly applies to binarization information described
below.

In addition, the binarization information may not neces-
sarily be stored as data. The binarization information may be
implemented as logic of a program for performing a decod-
ing process.

In the table BT1 illustrated by way of example in FIG. 7,
bin sequences are associated with CU prediction types and
PU partition types in accordance with CU sizes.

First, a description will be given of the definition of CU
sizes. In the association table BT1, two associations, namely,
a non-8x8 CU 1012B having a CU size larger than 8x8
(CU>8x8) and an 8x8 CU 1012A having a CU size equal to
8x8 (CU==8xR), are defined as the definition of CU sizes.

Each of the bin sequences associated in the non-8x8 CU
1012B and the 8x8 CU 1012A has a prefix portion (prefix)
and a suffix portion (suffix).

In the association table BT1, two CU prediction types,
namely, the intra CU described above (labeled as “Intra™)
and inter CU (labeled as “Inter”), are defined for the
definition of the respective CU sizes. PU partition types are
further defined for the respective CU prediction types.

Details are as follows. First, for the intra CU, two PU
partition types, namely, 2Nx2N and NxN, are defined.

A description of 2Nx2N will be given hereinafter. In the
non-8x8 CU 1012B, only the prefix portion is defined and
the bin sequence is “000”. The suffix portion is not coded.
In the 8x8 CU 1012A, the prefix portion is “000” and the
suffix portion is “0”.

For NxN, on the other hand, a definition is provided only
for the non-8x8 CU 1012B. In this case, the prefix portion
is “000”, and the suffix portion is “1”.

In this manner, for the intra CU, the prefix portion is
“000”, which is common.

For the inter CU, seven PU partition types, namely,
2Nx2N, 2NxN, 2NxnU, 2NxnD, Nx2N, nLx2N, and
nRx2N, are defined.

If the PU partition type is 2Nx2N, only the prefix portion
is defined and the bin sequence is “1” in either the non-8x8
CU 1012B or the 8x8 CU 1012A.

In the non-8x8 CU 1012B, the common prefix portion
“01” is assigned to the PU partition types of the landscape-
oriented partition, which are based on partitioning in the
horizontal direction, namely, 2NxN, 2NxnU, and 2NxnD.

The suffix portions for 2NxN, 2NxnU, and 2NxnD are
“17, “00”, and “01”, respectively.
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Further, the common prefix portion “001” is assigned to
the PU partition types of the portrait-oriented partition,
which are based on a partition in the vertical direction,
namely, Nx2N, n[.x2N, and nRx2N.

The suffix portions for Nx2N, n[.x2N, and nRx2N are
“17, “00”, and “01”, respectively. The suffix portions are
similar to those in the PU partition types described above
which are based on a partition in the horizontal direction.

Specifically, in the definition of the landscape-oriented
partition and the portrait-oriented partition, the suffix portion
represents partition types. More specifically, the bin is “1”
for a symmetric partition. “00” indicates that the partition
boundary lies nearer the origin than that for a symmetric
partition, and “01” indicates that the partition boundary lies
farther from the origin than for a symmetric partition.

Next, in the 8x8 CU 1012A, only the prefix portions are
defined for 2Nx2N, 2NxN, and Nx2N. The prefix portions
for 2Nx2N, 2NxN, and Nx2N are “1”, “01”, and “0017,
respectively.

The CU prediction mode decoding unit 1011 may perform
a decoding process in accordance with the binarization
information described above, by using different contexts for
the respective bin positions in the prefix portion and the
suffix portion.

If different contexts are used for the respective bin posi-
tions in the prefix portion and the suffix portion, a total of
eight contexts are used as follows.

Since a bin of up to 3 bits is defined in the prefix portion,
the number of contexts is three.

For the suffix portion, first, one context is used for 2Nx2N
and NxN. Then, two contexts are used for landscape-
oriented partitions (2NxN, 2NxnU, and 2NxnD), and two
contexts are used for portrait-oriented partitions (Nx2N,
nl.x2N, and nRx2N).

[1-3] Configuration for Decoding Short Code of Intra CU
in Small Size CU

The CU prediction mode decoding unit 1011 may be
configured to decode a short code of an intra CU in a small
size CU. The small size CU is a CU having a size less than
or equal to a predetermined value. In the following, by way
of example, the small size CU is a CU having an 8x8 size.
[Example Configuration 1-3-1]

The binarization information stored in the binarization
information storage unit 1012 may have a configuration as
illustrated in FIG. 8. FIG. 8 illustrates another example
configuration of the 8x8 CU 1012A, which is a definition of
binarization information. An 8x8 CU 1012A_1 illustrated in
FIG. 8 is another example configuration of the 8x8 CU
1012A included in the association table BT1 illustrated in
FIG. 7.

As illustrated in FIG. 8, in the 8x8 CU 1012A_1, which
is a definition of binarization information, a short code is
assigned to an intra CU for a CU having an 8x8 size, which
is a small size CU.

In the 8x8 CU 1012A_1 illustrated in FIG. 8, a shorter
code than a code assigned to an intra CU for a large size CU
is assigned (see the non-8x8 CU 1012B in FIG. 7). The term
“large size CU” refers to a CU that is a non-small size CU,
and refers to, specifically, a CU having a size larger than an
8x8 size.

In the 8x8 CU 1012A_1, furthermore, a code assigned to
an intra CU is shorter than a code assigned to an inter CU.
In other words, in CUs having the same size, a shorter code
is assigned to an intra CU than to any other PU partition type
other than an intra CU.
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For example, in the 8x8 CU 1012A_1, a 1-bit code is
assigned to an intra CU, and a 2-bit or 3-bit code is assigned
to an inter CU.

Intra prediction of small CUs tends to be applied to a
region where inter prediction is less reliable. For this reason,
small CUs have a high usage rate of intra CU. In the example
configuration illustrated in FIG. 7, a long code is assigned to
an intra CU. In contrast, in the data configuration described
above, short codes are assigned to intra CUs having a small
size.

Accordingly, the CU prediction mode decoding unit 1011
decodes short codes for intra CUs having a small size in a
region for which inter prediction is less reliable. This
achieves the advantage of improved coding efficiency.

In the configuration described above, preferably, the CU
prediction mode decoding unit 1011 sets different contexts
for the prefix portion of a large size CU and the prefix
portion of a small size CU.

Accordingly, the context storage unit 1013 may store an
8x8 CU prefix 1013 A, which is a context for decoding the
prefix portion of a large size CU, and a non-8x8 CU prefix
1013B, which is a context for decoding the prefix portion of
a small size CU. The 8x8 CU prefix 1013 A and the non-8x8
CU prefix 1013B are different contexts.

The meaning of the bins in the prefix portion is different
between a small size CU (CU==8x8) and a large size CU
(CU>8x38).

For example, for a small size CU, the first bit of the prefix
portion is information indicating whether the CU prediction
type is intra CU or inter CU. For a large size CU, however,
the first bit of the prefix portion is information indicating
whether the CU prediction type is 2Nx2N inter CU or other
inter CU.

Bins having different meanings have different tendencies
to appear. If the same context is set for the prefix portion for
a large size CU and the prefix portion for a small size CU,
the tendency for the bins to appear differs. This may cause
a reduction in coding efficiency.

According to the configuration described above, allows
different contexts may be set for bins having different
tendencies to appear. Accordingly, the coding efficiency of
bins may be improved.

[Example Configuration 1-3-2]

The binarization information stored in the binarization
information storage unit 1012 may also have a configuration
as illustrated in FIG. 9. FIG. 9 illustrates another example
configuration of the 8x8 CU 1012A, which is a definition of
binarization information. An 8x8 CU 1012A_2 illustrated in
FIG. 9 is another example configuration of the 8x8 CU
1012A included in the association table BT1 illustrated in
FIG. 7.

In the 88 CU 1012A_2 illustrated in FIG. 9, a bin
sequence has three portions, namely, a flag, a prefix portion,
and a suffix portion.

For the intra CU, the flag is “1”. For the inter CU, the flag
is “0”.

For the intra CU, only the suffix portion is defined.
Specifically, the suffix portion is “0” for the PU partition
type of 2Nx2N, and the suffix portion is “1” for the PU
partition type of NxN.

For the inter CU, on the other hand, only the prefix portion
is defined. Specifically, the prefix portions for 2Nx2N,
2NxN, and Nx2N are “1”, “01”, and “00”, respectively.

In the 8x8 CU 1012A_2 illustrated in FIG. 9, similarly to
the 8x8 CU 1012A_1 illustrated in FIG. 8, a shorter code is
assigned to a large size CU than a code assigned to an intra
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CU, and the code assigned to an intra CU is shorter than the
code assigned to an inter CU.

The 8x8 CU 1012A_2 having the configuration illustrated
in FIG. 9 allows the CU prediction mode decoding unit 1011
to decode short codes for intra CUs having a small size in a
region for which inter prediction is less reliable. This
achieves the advantage of improved coding efficiency.

In the configuration described above, preferably, a spe-
cific context, which is different from the contexts set for the
prefix portion and the suffix portion, is set for the flag.
Preferably, furthermore, the same context is set for the prefix
portion of a small size CU and the prefix portion of a large
size CU.

For example, the context storage unit 1013 may store a
single context into which the 8x8 CU prefix 1013 A and the
non-8x8 CU prefix 1013B are integrated.

The configuration described above is designed such that
individual bins have the same meaning between the prefix
portion of a small size CU and the prefix portion of a large
size CU. Accordingly, the same context is set for both CUs,
enabling an improvement in the coding efficiency of bins.
[Operations and Effects]

The present invention may also be expressed in the
following form. An image decoding device according to an
aspect of the present invention is an image decoding device
for decoding information for restoring an image from
encoded image data for each coding unit to restore an image.
The image decoding device includes decoding means for
decoding codes assigned to combinations of sizes of pre-
diction units and prediction schemes to be applied to the
coding units, the decoding means decoding a shorter code
for a combination of a coding unit with a size less than or
equal to a predetermined value and a prediction scheme for
intra-frame prediction, than codes assigned to combinations
other than the combination.

Thus, it is possible to assign a short code to a combination
having a high probability of occurrence in coding units
having a size less than or equal to a predetermined value.
This achieves the advantage of improved coding efficiency.

[1-4] Configuration for Modifying the Interpretation of
Bin Sequences in Accordance with Neighboring Prediction
Parameters

The CU prediction mode decoding unit 1011 may be
configured to modify the interpretation of bin sequences by
referring to prediction parameters allocated to neighboring
regions.

[Example Configuration 1-4-1]

The binarization information stored in the binarization
information storage unit 1012 may have a configuration as
illustrated in FIG. 10.

FIG. 10 is a diagram illustrating still another example
configuration of the binarization information stored in the
binarization information storage unit 1012.

A binarization information association table BT20 illus-
trated in FIG. 10 is configured such that the interpretation of
bin sequences is made different in accordance with the
values of the prediction parameters of neighboring regions
by replacing the 8x8 CU 1012A illustrated in FIG. 7 with an
inter CU definition (1012D) and an intra CU definition
(1012C).

Specifically, the association table BT20 is configured such
that a definition of a small size CU has different interpre-
tations of bin sequences between the inter CU 1012D, which
is a binarization information definition in a case that at least
one of neighboring CUs is an inter CU, and the intra CU
1012C, which is a binarization information definition in a
case that both neighboring CUs are intra CUs.
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In the inter CU 1012D (in a case that at least one of
neighboring CUs is an inter CU), the target CU is interpreted
as an intra CU (2Nx2N or NxN) for the bin sequence “000”
in the prefix portion, and the target CU is interpreted as a
2Nx2N inter CU for the bin sequence “1” in the prefix
portion.

In the intra CU 1012C (in a case that both neighboring
CUs are intra CUs), the target CU is an intra CU (2Nx2N or
NxN) for the bin sequence “1” in the prefix portion, and the
target CU is a 2Nx2N inter CU for the bin sequence “000”
in the prefix portion.

If neighboring CUs are intra CUs, the target CU can also
possibly be an intra CU in terms of spatial correlation.
Accordingly, if neighboring CUs are intra CUs, short codes
are assigned to the intra CUs, resulting in a reduction in the
amount of coding.

In addition, a small size CU has a high frequency of
occurrence of an intra CU. Accordingly, a short code is
assigning to an intra CU in a small size CU, leading to
further improvement in coding efficiency.

In contrast, as illustrated in FIG. 10, a CU other than a
small size CU (for example, a large size CU) may not
necessarily have a configuration for “assigning a short code
to an intra CU in a case that both neighboring CUs are intra”.
Which CU size the configuration for “assigning a short code
to an intra CU in a case that both neighboring CUs are intra”
is employed for may be based on the frequency of occur-
rence of an intra CU. In general, an intra CU tends to be
more frequently selected for a CU having a smaller size.
Thus, preferably, a short code is assigned to an intra CU for
a CU having a size less than or equal to a predetermined
value (for example, 16x16) including a CU having the
minimum size. In this configuration, if neighboring CUs are
intra CUs, the CU prediction mode decoding unit 1011 refers
to the intra CU 1012C, and assigns short codes to the intra
CUs. If neighboring CUs include an inter CU, the CU
prediction mode decoding unit 1011 refers to the inter CU
1012D, and assigns a short code to the inter CU. As a result,
the amount of coding may be reduced to improve coding
efficiency.

[Example Configuration 1-4-2]

The binarization information stored in the binarization
information storage unit 1012 may have a configuration as
illustrated in FIG. 11.

FIG. 11 is a diagram illustrating still another example
configuration of the binarization information stored in the
binarization information storage unit 1012.

A binarization information association table BT30 illus-
trated in FIG. 11 is configured such that the interpretation of
bin sequences is made different in accordance with the
values of the prediction parameters of neighboring regions
by replacing the non-8x8 CU 1012B illustrated in FIG. 7
with a definition (1012B 1) “in which an upper CU has a size
greater than or equal to the target CU” and a definition
(1012B 2) “in which an upper CU has a size less than the
target CU”.

Specifically, the association table BT30 is configured such
that a definition of a large size CU has different interpreta-
tions of bin sequences between the case that an upper
neighboring CU has a size greater than or equal to the target
CU and the case that an upper neighboring CU has a size less
than the target size.

In the definition 1012B 1 “in which an upper CU has a
size greater than or equal to the target CU” (in a case that an
upper neighboring CU has a size greater than or equal to the
target CU), the target CU is interpreted as being of a
portrait-oriented partition for the bin sequence “001” in the
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prefix portion, and the target CU is interpreted as being of a
landscape-oriented partition for the bin sequence “01” in the
prefix portion.

In the definition 1012B 2 “in which an upper CU has a
size less than the target CU” (in a case that an upper
neighboring CU has a size less than the target CU), on the
other hand, the target CU is interpreted as being of a
portrait-oriented partition for the bin sequence “01” in the
prefix portion, and the target CU is interpreted as being of a
landscape-oriented partition for the bin sequence “001” in
the prefix portion.

If a neighboring CU has a size smaller than the target CU,
it is probable that an edge is present in the neighboring CU.

In this case, it is probable that the target CU is split into
partitions in a direction perpendicular to the side corre-
sponding to the boundary between the target CU and the
neighboring CU. Accordingly, if an upper neighboring CU
has a size less than the target CU, it is probable that a
portrait-oriented partition will be selected.

Thus, if an upper neighboring CU has a size less than the
target CU, a short code is assigned to the portrait-oriented
partition that can probably be selected. Accordingly, coding
efficiency may be improved.

According to the configuration described above, if an
upper neighboring CU has a size less than the target CU, the
CU prediction mode decoding unit 1011 refers to the defi-
nition 1012B 2 “in which an upper CU has a size less than
the target CU”, and assigns a short code to a portrait-oriented
partition.

If an upper neighboring CU has a size greater than or
equal to the target CU, on the other hand, the CU prediction
mode decoding unit 1011 refers to the definition 1012B 1 “in
which an upper CU has a size greater than or equal to the
target CU”, and assigns a short code to a landscape-oriented
partition. As a result, the amount of coding may be reduced
to improve coding efficiency.

In addition, preferably, the suffix portions have the same
interpretation without depending on the interpretation of the
prefix portion based on neighboring CUs. In the association
table BT30, the interpretation of the same suffix portion is
the same regardless of whether the prefix portion represents
a portrait-oriented partition or a landscape-oriented parti-
tion. In an example of the association table BT30, thus, the
decoding process for the suffix portions may not necessarily
be changed depending on whether the prefix portion repre-
sents a portrait-oriented partition or a landscape-oriented
partition.

In other words, the association table BT30 is configured
such that the PU partition type (the number of splits) does
not depend on the parameter to be referred to.

Since the number of splits does not depend on the value
of the parameter to be referred to, an error in the reference
parameter will have small effect on the subsequent variable
length decoding processes. Specifically, even in a case that
erroneous size of a neighboring CU causes wrong interpre-
tation of which of a portrait-oriented partition and a land-
scape-oriented partition the prefix portion represents, the
subsequent syntax elements including the suffix portions
may be continuously decoded.

That is, the decoding process for the suffix portion is
possible regardless of the size of neighboring CUs. Thus, the
decoding process is less affected by neighboring parameter
error, increasing error robustness.

If a left neighboring CU has a size smaller than the target
CU, it is probable that a landscape-oriented partition will be
selected. Accordingly, if a left neighboring CU has a size
smaller than the target CU, a short code may be assigned to
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the landscape-oriented partition that can probably be
selected. Accordingly, advantages similar to those described
above may be achieved.

In addition, preferably, the switching of interpretation
based on the size of neighboring CUs is not performed on a
minimum size CU. If the target CU is a minimum size CU,
the size of the target CU is always less than or equal to that
of neighboring CUs. The omission of the process of switch-
ing interpretation may simplify decoding processes.

The term “upper neighboring CU has a size less than the
target CU” can also mean that a CU boundary having a
vertical positional relationship with an upper side (except for
the topmost vertex) of the target CU is present at the upper
side.

Accordingly, in a case that a CU boundary or PU bound-
ary having a vertical positional relationship with an upper
side (except for the topmost vertex) of the target CU is
present at the upper side, a short code may be assigned to a
portrait-oriented partition.

While a description has been made of neighboring CUs
adjacent to the target CU, the present invention is limited
thereto. The above similarly applies to a CU located as near
as spatial correlation could be recognized.

The configuration described above is generalized as fol-
lows. In the configuration described above, for a set of
binary sequences, and for a set of pred_type each associated
with the same number of partitions, priorities are set for
pred_type in terms of the possibility of occurrence of
pred_type in accordance with neighboring prediction param-
eters, and pred_type with higher priority is associated with
a shorter binary sequence.

In the foregoing description, the condition that the size of
an upper neighboring CU is smaller than the size of the
target CU may also be expressed as follows.

(1) The upper left pixel in the target CU is represented by
(xc, yo).

(2) An upper neighboring CU including the pixel at (xc,
yc—1) is derived, and the upper left pixel in the upper
neighboring CU is represented by (xu, yu).

(3) If the relationship of “log 2CUSize[xu][yu]<log
2CUSize[xc][yc]” holds true, it is determined that the size of
the upper neighboring CU is smaller than the size of the
target CU, where log 2CUSize[x][y] is a logarithmic value
with a base of 2 of the size of the CU in which the upper left
pixel is the pixel at (X, y).

Preferably, the determination described above is based on
the comparison between only the size of the CU located
above the upper left pixel in the target CU and the size of the
target CU.

While a description has been given of an upper neigh-
boring CU, the size of a left neighboring CU may be
determined. In this case, preferably, only the size of the CU
located to the left of the upper left pixel in the target CU is
compared with the size of the target CU.

In the determination step (3), by way of example, the
values of the CU sizes are directly compared with each
other. Other values associated with the CU sizes may be
compared with each other. For example, the condition in the
determination step (3) may be determined using the values
of a CU partition depth (cuDepth[x][y]) indicating the
number of times the tree block (LCU) is partitioned, in
accordance with the formula “cuDepth[xu|[yu]>cuDepth
[xcllyc]”.

[Operations and Effects]

The present invention may also be expressed in the
following form. An image decoding device according to an
aspect of the present invention is an image decoding device
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for restoring an image by generating a prediction image for
each of prediction units obtained by splitting a coding unit
into one or more partitions. The image decoding device
includes changing means for changing a plurality of codes
associated with a plurality of combinations of partition types
and prediction schemes, the partition types being types in
which a target coding unit that is a coding unit to be decoded
is split into the prediction units, in accordance with a
decoded parameter allocated to a decoded prediction unit
near a target prediction unit that is a prediction unit to be
decoded.

Thus, it is possible to assign a shorter code to a combi-
nation of prediction scheme and partition type having a
higher probability of occurrence in accordance with a
decoded parameter allocated to a nearby decoded prediction
unit. Accordingly, coding efficiency may be improved.

(2) Details of PU Information Decoding Unit

Next, an example configuration of the PU information
decoding unit 12 and the decoding module 10 will be
described with reference to FIG. 12. FIG. 12 is a functional
block diagram exemplifying a configuration for decoding
motion information in the video decoding device 1, that is,
the configuration of the PU information decoding unit 12
and the decoding module 10.

The configuration of the individual components in the PU
information decoding unit 12 and the decoding module 10
will be described hereinafter in this order.

(PU Information Decoding Unit)

As illustrated in FIG. 12, the PU information decoding
unit 12 includes a motion compensation parameter deriva-
tion unit (bi-prediction restriction means, candidate deter-
mining means, estimating means) 121, a merge candidate
priority information storage unit 122, and a reference frame
setting information storage unit 123.

The motion compensation parameter derivation unit 121
derives motion compensation parameters for each of the PUs
included in the target CU from the encoded data.

Specifically, the motion compensation parameter deriva-
tion unit 121 derives motion compensation parameters using
the following procedure. If the target CU is a skip CU, a skip
index may be decoded instead of a merge index, and
prediction parameters in the skip CU may be derived based
on the value of the decoded skip index.

First, the motion compensation parameter derivation unit
121 determines a skip flag. As a result of the determination,
if the target CU is a non-skip CU, the motion compensation
parameter derivation unit 121 decodes a merge flag using a
motion information decoding unit 1021.

If the target CU is a skip CU or a merge PU, the motion
compensation parameter derivation unit 121 decodes a
merge index to derive prediction parameters (motion vector,
reference image index, inter prediction flag) on the basis of
the value of the decoded merge index. Note that the motion
compensation parameter derivation unit 121 determines
merge candidates to be specified by the merge index, in
accordance with merge candidate information stored in the
merge candidate priority information storage unit 122.

If the target CU is not a skip CU or a merge PU, the
motion compensation parameter derivation unit 121 decodes
prediction parameters (inter prediction flag, reference image
index, motion vector difference, motion vector predictor
index).

Furthermore, the motion compensation parameter deriva-
tion unit 121 derives an estimated motion vector on the basis
of the value of the motion vector predictor index, and also
derives a motion vector on the basis of the motion vector
difference and the estimated motion vector.
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The merge candidate priority information storage unit 122
stores merge candidate information. The merge candidate
information includes information indicating regions desig-
nated as merge candidates and information indicating the
priorities of the merge candidates.

The reference frame setting information storage unit 123
stores reference frame setting information for determining
which inter-frame prediction scheme will be used among a
uni-prediction scheme in which one reference image is
referred to and a bi-prediction scheme in which two refer-
ence images are referred to.

(Decoding Module)

As illustrated in FIG. 12, the decoding module 10
includes the motion information decoding unit 1021. The
motion information decoding unit 1021 decodes a syntax
value, in accordance with the encoded data and syntax type
supplied from the motion compensation parameter deriva-
tion unit 121, from a binary representation included in the
encoded data. The motion compensation parameters
decoded by the motion information decoding unit 1021
include a merge flag (merge_flag), a merge index (mer-
ge_idx), a motion vector predictor index (mvp_idx), a
reference image index (ref idx), an inter prediction flag
(inter_pred_flag), and a motion vector difference (mvd).

[Example Configuration for Deriving Prediction Param-
eters in Merge PU]

[2-1] Example of Positions and Priorities of Merge Can-
didates

The derivation of prediction parameters in a merge PU
will be described with reference to FIG. 13 to FIG. 15.

In a case that the PU partition type is asymmetric, the
motion compensation parameter derivation unit 121 may be
configured to determine the priorities of merge candidates
using a method different from that in a case that the PU
partition type is symmetric.

First, a description will be given of the characteristics of
asymmetric partitions. Of the asymmetric partitions, a
smaller partition can possibly include an edge extending in
the longitudinal direction. In addition, it is probable that
accurate motion vectors will have been derived in a region
including an edge.

A specific description will now be given with reference to
FIG. 13. FIG. 13 illustrates a CU for which an asymmetric
partition has been selected. As illustrated in FIG. 13, in a
target CU 30, an edge E1 having an inclination is present in
aregion, and the 2NxnU PU partition type has been selected.

The target CU includes a PU 31 and a PU 32. Here, the
target PU is the PU 31. The edge E1 having an inclination
crosses the region of the target PU 31.

In the example illustrated in FIG. 13, it is probable that the
same edge as the edge present in the region of the target PU
31 will be present in regions R10 near the short sides of the
target PU 31. Thus, it is probable that the same motion
vector (mv) as that for the target PU 31 will have been
allocated to the regions R10.

Accordingly, in a region possibly including an edge, that
is, in the smaller partition, motion vectors allocated to
regions near the short sides of the region are referred to,
whereas, in the larger partition, motion vectors allocated to
regions around the smaller partition are referred to. Thus, the
accuracy of motion vectors may be increased.

The merge candidate priority information stored in the
merge candidate priority information storage unit 122 is
configured to include two types of merge candidate priority
information, namely, merge candidate priority information
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on a symmetric PU partition type 122A and merge candidate
priority information on an asymmetric PU partition type
122B.

The merge candidate priority information on the symmet-
ric PU partition type 122A will now be described with
reference to FIG. 14.

FIG. 14 illustrates a CU for which a symmetric partition
has been selected. As illustrated in FIG. 14, the 2NxN PU
partition type has been selected for a symmetric CU. In FIG.
14, the target PU is represented by “Curr PU”. Priorities are
assigned to merge candidates for the target PU, in the order
of left (L), upper (U), upper right (UR), bottom left (BL),
and upper left (UL) merge candidates.

The merge candidate priority information on the asym-
metric PU partition type 122B will be described hereinafter
with reference to FIG. 15. Parts (a) and (b) of FIG. 15
illustrate the setting of the priorities for the smaller partition
in 2NxnU and the larger partition in 2NxnU, respectively.
Parts (c¢) and (d) of FIG. 15 illustrate the setting of the
priorities for the larger partition in 2NxnD and the smaller
partition in 2NxnD, respectively.

For the smaller partition in the asymmetric partitions, as
illustrated in parts (a) and (d) of FIG. 15, high priorities are
assigned to merge candidates near the short sides of the
smaller partition.

Specifically, priorities are assigned to merge candidates
for the smaller PUs in 2NxnU and 2NxnD, as illustrated in
parts (a) and (d), respectively, in the order of those adjacent
to the short sides (L), adjacent to the vertices (UR, BL,, UL),
and adjacent to the long sides (U).

For the larger partition in the asymmetric partitions, as
illustrated in parts (b) and (¢) of FIG. 15, higher priorities are
assigned to merge candidates located near the smaller par-
tition.

Specifically, priorities are assigned to merge candidates
for the larger PU in 2NxnU, as illustrated in part (b) of FIG.
15, in the order of a merge candidate (U) in the smaller PU,
merge candidates (UR, UL) near the smaller PU, and the
other merge candidates (L., BL).

Further, for the larger PUs in 2NxnD, as illustrated in part
(c) of FIG. 15, priorities are assigned to merge candidates in
the order of merge candidates (L, BL) near the smaller PU
and the other merge candidates (U, BL, UL).

Note that a candidate having a high priority is assigned a
low merge index, and a short code is assigned to a low merge
index. Only candidates having high priorities may be des-
ignated as selectable merge candidates.

While a description has been made of the derivation of
prediction parameters in a merge PU, a similar derivation
method may be used for the derivation of estimated motion
vectors to be used to restore motion vectors for non-merge
PUs in an inter CU. In general, the method described above
may be applicable to the derivation of, for each PU in
asymmetric PUs, the estimated values or predicted values of
motion parameters corresponding to neighboring regions.
[Operations and Effects]

The present invention may also be expressed in the
following form. An image decoding device according to an
aspect of the present invention is an image decoding device
for restoring an image by generating a prediction image
using an inter-frame prediction scheme for each of predic-
tion units obtained by splitting a coding unit into one or
more partitions. Partition types in which a coding unit is split
into the prediction units include an asymmetric partition in
which a coding unit is split into a plurality of prediction units
having different sizes or a symmetric partition in which a
coding unit is split into a plurality of prediction units having
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the same size. The image decoding device includes estimat-
ing means for estimating a prediction parameter for inter-
frame prediction using, in a case that the partition type is an
asymmetric partition, an estimation method different from
an estimation method in a case that the partition type is a
symmetric partition.

Thus, the following advantage may be achieved: different
estimation methods are used for the case that the partition
type is an asymmetric partition and the case that the partition
type is a symmetric partition, allowing prediction param-
eters for inter-frame prediction to be estimated using a
desired estimation method in accordance with the partition

pe.
[2-2] Change of Merge Candidates Using Combination of
CU Size and Skip/Merge

The motion compensation parameter derivation unit 121
may be configured to change merge candidates in accor-
dance with a combination of a CU size and a CU type,
namely, whether or not the CU of interest is a CU to
skip/merge. Accordingly, the merge candidate information
stored in the merge candidate priority information storage
unit 122 is configured to include two types of definition
information, namely, definition information on a small PU
size 122C and definition information on a large PU size
122D.

The merge candidate information on the small PU size
122C defines the number of merge candidates to be applied
to a small size PU. The merge information on the large PU
size 122D defines the number of merge candidates to be
applied to a large size PU.

As an example, merge candidate information has a defi-
nition in which the number of merge candidates (the number
of merge candidates of a small size PU) defined for the small
PU size 122C is smaller than the number of merge candi-
dates (the number of merge candidates of a large size PU)
defined for the large PU size 122D.

A region where a small size PU is selected generally
includes complex motion. Thus, the motion vectors allo-
cated to neighboring PUs of such a region tend to have low
correlations with each other.

This tendency may result in less improvement in estima-
tion accuracy than that in the case of a large size PU even
if the number of merge candidates increases.

Thus, preferably, the number of merge candidates is
reduced to reduce the amount of coding of side information.

In the example described above, in the merge candidate
information, the number of merge candidates of a small size
PU generally including complex motion is smaller than the
number of merge candidates of a large size PU. Thus, the
amount of coding of side information may be reduced.

Examples of combinations of small size PUs and large
size PUs are as follows.

A small size PU is a PU having sides at least one of which
is smaller than a predetermined threshold value (for
example, 8), and a large size PU is a PU other than that
PU. For example, PUs with 16x4, 4x16, 8x4, 4x8, and
4x4 sizes are small size PUs, and PUs with 8x8 and
16x16 sizes are large size PUs.

A small size PU is a PU having an area smaller than a
predetermined threshold value (for example, 64), and a
large size PU is a PU other than that PU. For example,
PUs with 8x4, 4x8, and 4x4 sizes are small size PUs,
and PUs with 8x8, 16x4, 4x16, 16x16, and similar
sizes are large size PUs.

A small size PU is a PU included in a CU having a size
less than or equal to a predetermined value (for
example, 8x8), and a large size PU is a PU included in
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a larger CU. For example, PUs with 8x8, 8x4, 4x8, and
4x4 sizes included in an 8x8 CU are small size PUs.

A small size PU is a smaller PU in a CU to which an

asymmetric partition is adapted, and a large size PU is
a larger PUs in a CU to which an asymmetric partition
is adapted.

As another example, in the merge candidate information,
the number of merge candidates based on temporal predic-
tion for a small PU is preferably smaller than the number of
merge candidates based on temporal prediction for a large
PU. The merge candidate information may be defined as not
including merge candidates based on temporal prediction for
a small PU.

In a region with complex motion where a small size PU
is selected, the correlation between a collocated PU used for
temporal prediction and a target PU is low. Thus, it is less
probable that temporal prediction will be selected for such a
region. Accordingly, it is preferable that the number of
merge candidates based on temporal prediction be reduced
or merge candidates based on temporal prediction not be
included.

[Operations and Effects]

The present invention may also be expressed in the
following form. An image decoding device according to an
aspect of the present invention is an image decoding device
for restoring an image by generating a prediction image
using an inter-frame prediction scheme for each of predic-
tion units obtained by splitting a coding unit into one or
more partitions. The image decoding device includes can-
didate determining means for determining a candidate in a
region to be used for estimation in accordance with a size of
a target prediction unit, which is a prediction unit to be
decoded, in a case that the target prediction unit is a
prediction unit in which a prediction parameter of the target
prediction unit is estimated from a prediction parameter
allocated to a neighboring region of the target prediction
unit.

Thus, it is possible to reduce side information by reducing
the number of candidates, and, as a result, to improve coding
efficiency.

[2-3] Determination of Number of Reference Frames

The motion compensation parameter derivation unit 121
may determine which prediction scheme out of uni-predic-
tion and bi-prediction to apply in inter prediction, by refer-
ring to the reference frame setting information stored in the
reference frame setting information storage unit 123.

The motion compensation parameter derivation unit 121
may be configured to restrict bi-prediction for a small size
PU. Accordingly, the reference frame setting information is
configured to include two types of definition information,
namely, definition information on a small PU size 123 A and
definition information on a large PU size 123B.

A prediction scheme selectable for a large size PU is
defined in the large PU size 123B. The large PU size 123B
has a definition in which either prediction scheme out of
bi-prediction and uni-prediction can be selected for a large
size PU without any restriction.

A prediction scheme selectable for a small size PU is
defined in the small PU size 123A. The small PU size 123A
has a definition in which bi-prediction is restricted for a
small size PU.

An example of the definition of the small PU size 123A
is as follows. Uni-prediction is applied, without the inter
prediction flag being decoded, to a PU not to merge in an
inter CU, the PU having a size less than 16x16.
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Another example of the definition of the small PU size
123A is as follows. Uni-prediction is applied to a PU to
merge in an inter CU, the PU having a size less than 16x16.

Still another example of the definition of the small PU size
123A is as follows. Uni-prediction is applied to each of PUs
included in a skip CU.

Still another example of the definition of the small PU size
123A is as follows. Weighted prediction is not applied to a
PU not to merge in an inter CU, the PU having a size less
than 16x16. That is, information concerning weighted pre-
diction is omitted.

The details of the configuration of encoded data and the
configuration of the video decoding device in a case that
bi-prediction is restricted on the basis of reference frame
setting information will be described hereinafter with refer-
ence to a syntax table and a block diagram.

(Types of Bi-Prediction Restriction)

PU types include a PU in which the target CU is skip (skip
PU), a PU for which a merge is adapted to the target PU
(merge PU), and a PU for which the target PU is not skip or
merge (basic inter PU or non-motion information omitted
PU). For a basic inter PU, an inter prediction flag indicating
bi-prediction or uni-prediction is decoded from encoded data
to derive motion compensation parameters. For a skip PU
and a merge PU, on the other hand, motion compensation
parameters are derived without decoding the inter prediction
flag. For these PUs, a candidate used for motion compen-
sation is selected from among skip candidates or merge
candidates on the basis of the skip index or the merge index
to derive motion compensation parameters for the target PU
on the basis of the motion compensation parameters for the
selected candidate. In general, motion compensation param-
eters for the skip PU may be derived using a method similar
to that for the merge PU. If the use of merge is restricted
using a flag in the sequence parameter set or the like, the
same method as that for the basic inter PU, except that the
motion vector difference (mvd) is not decoded, may be used.
In this case, the bi-prediction restriction operation for the
skip PU is the same as that for the basic inter PU.

Part (a) of FIG. 35 illustrates examples of bi-prediction
restriction for each PU. The examples of bi-prediction
restriction include bi-prediction restriction only on the basic
inter PU and bi-prediction restriction on all the PUs to which
motion compensation prediction is applied. In the case of
bi-prediction restriction only on the basic inter PU, the
restriction of bi-prediction is not imposed on the skip PU or
the merge PU but the restriction of bi-prediction is imposed
only on the basic inter PU. The amount of processing
imposed on a video encoding device and a video decoding
device and the size of their circuitry may be reduced for both
bi-prediction restriction only on the basic inter PU and
bi-prediction restriction on all the PUs.

Part (b) of FIG. 35 illustrates bi-prediction restriction
methods for the respective PUs. The prediction of bi-
prediction is imposed on the skip PU and the merge PU by
the derivation of information indicating that bi-prediction is
not applied to the derivation of motion compensation param-
eters based on skip candidates or merge candidates. Spe-
cifically, as described below with reference to a motion
compensation parameter derivation unit, the restriction of
bi-prediction is imposed by the conversion of the value of
the inter prediction flag included in the motion compensa-
tion parameters from bi-prediction to uni-prediction. In
order to impose the restriction of bi-prediction on the basic
inter PU, whether or not to apply the restriction of bi-
prediction is determined in accordance with the PU size
information. If the restriction of bi-prediction is not applied,
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the inter prediction flag is decoded. If the restriction of
bi-prediction is applied, the decoding of the inter prediction
flag is omitted. Furthermore, the process for estimating the
value of the inter prediction flag as uni-predictive is per-
formed.

The PU size information is information for determining
whether the PU of interest is a small PU, and may include
the size of the target CU and the PU partition type, the size
of the target CU and the number of PU partitions, the PU
width or height, the area of the PU, or the like.

The skip PU and the merge PU are different from the basic
inter PU in the method for decoding the motion compensa-
tion parameters as well as the situations in which the PUs are
used. For the skip PU and the merge PU, the amount of
coding is reduced by the restriction of selectable motion
compensation parameters. Such PUs are mainly used in a
region with uniform motion. Uniform motion is likely to
have a large noise removal effect created by bi-prediction
because two prediction images are close to each other. For
this reason, the skip PU and the merge PU would be more
likely to experience a reduction in coding efficiency due to
the restriction of bi-prediction than the basic inter PU,
compared to the restriction of bi-prediction for the basic
inter PU. Accordingly, as described above, the restriction
that bi-prediction is used only for a basic inter PU may be
preferable. In addition, as described below, the PU size to be
limited may be changed between the basic inter PU and the
skip and merge PUs. In view of the structure of encoded
data, the restriction of bi-prediction for the basic inter PU is
more effective in terms of reducing the amount of coding
because the inter prediction flag is not encoded.

(Details of Inter Prediction Flag)

The details of the inter prediction flag will now be
described. The inter prediction flag inter_pred_flag may be
a binary flag indicating uni-prediction or bi-prediction, or
may be a flag further including information for selecting a
list of reference images (reference list) to be referred to in
uni-prediction from among a plurality of reference lists. For
example, the inter prediction flag may be defined as a ternary
flag including a flag for selecting one of two reference lists
(LO list and L1 list). The individual cases will be described
hereinafter.

The decoding module 10 decodes a combined list flag
ref_pic_list_combination_flag for selecting whether to use
the LO or L1 list or the combined list (L.C list) as a reference
frame list from the slice header or the like. The method for
determining the reference frame for uni-prediction differs
depending on the value of the combined list flag. If the
combined list flag is equal to 1, the combined list L.C is used
as a reference list to be used to specify a uni-predictive
reference frame, and a flag for specifying a reference list for
each PU is not needed. The inter prediction flag inter_pred_
flag may thus be a binary flag. If the combined list flag is
equal to 0, it is necessary to select a reference list from the
L0 list or the L1 list for each PU. Thus, the inter prediction
flag inter_pred_flag is a ternary flag.

Part (a) of FIG. 32 illustrates the meaning of an inter
prediction flag in a case that the inter prediction flag is a
binary flag. Part (b) of FIG. 32 illustrates the meaning of an
inter prediction flag in a case that the inter prediction flag is
a ternary flag.

(Example of syntax table for bi-prediction restriction)
FIG. 31 illustrates an example of a PU syntax table in the
related art, and illustrates the configuration of encoded data
in a case that no restriction of bi-prediction is performed.
FIG. 33 illustrates an example of a PU syntax table, in which
parts (a) and (b) illustrate the configuration of encoded data
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in a case that restriction of bi-prediction is performed, and
specifically illustrate the portion of the inter prediction flag
inter_pred_flag. Part (a) of FIG. 33 illustrates an example of
the syntax table in a case that the inter prediction flag is
always a binary flag. In this case, two portions, namely,
Pred_L.C, which means uni-prediction, and Pred_Bi, which
means bi-prediction, are identified from each other by inter_
pred_flag. If the slice is a B slice and bi-prediction is active
(DisableBiPred=false), the encoded data includes the inter
prediction flag inter_pred_flag in order to identify uni-
prediction and bi-prediction from each other. If bi-prediction
is not active (DisableBiPred=true), the encoded data does
not include the inter prediction flag inter_pred_flag because
uni-prediction is always enabled.

Part (b) of FIG. 33 illustrates an example of a syntax table
in a case that the inter prediction flag is a ternary flag. If a
combined list is used, two types, namely, Pred_L.C, which
means uni-prediction in which one reference frame in an LC
list is used, and Pred_Bi, which means bi-prediction, are
identified from each other by inter_pred_flag. Otherwise,
three types, namely, Pred_L.0O, which means uni-prediction
with the LO list, Pred_L1, which means uni-prediction with
the L1 list, and Pred_Bi, which means bi-prediction, are
identified from one another. If the slice is a B slice and
bi-prediction is active (DisableBiPred=false), the encoded
data includes a first inter prediction flag inter_pred_flag0 for
specifying uni-prediction and bi-prediction. If bi-prediction
is not active, only in a case that a combined list is not used,
the encoded data includes a second inter prediction flag
inter_pred_flagl for specifying uni-prediction and bi-pre-
diction to specify a reference list. The case that a combined
list is not used is determined specifically using !UsePre-
dRefl.C && 'NoBackPredFlag, as illustrated in part (a) of
FIG. 33. That is, the determination is based on a flag
UsePredRefl.C (indicating that a combined list is used if the
value of UsePredRefl.C is true) specifying whether or not to
use a combined list, and a flag NoBackPredFlag (indicating
that backward prediction is not used if the value of NoBack-
PredFlag is true) specifying whether or not to use backward
prediction. If a combined list is used, the use of a combined
list is determined without list selection. No use of backward
prediction means the disabling of Pred_L1. In this case, it
may be determined that the list used also when the second
inter prediction flag inter_pred_flagl is not encoded is the
combined list (Pred_LLC) or the LO list (Pred_L1). The
expression “NoL1PredFlag”, which means no use of the [.1
list, may be used instead of NoBackPredFlag.

A threshold value used to determine whether or not to
impose the restriction of bi-prediction or to determine the
PU size in a case that the restriction of bi-prediction is
imposed may be included in the encoded data. FIG. 34
illustrates an example of a syntax table for bi-prediction
restriction. Part (a) of FIG. 34 illustrates the case that the
sequence parameter set includes the flag disable_bipred_
in_small_PU restricting whether or not to impose the restric-
tion of bi-prediction. As illustrated in Part (a) of FIG. 34, a
flag for the restriction of bi-prediction may be encoded
independently from a flag disable inter 4x4 prohibiting a
small size PU (here, a 4x4 size PU). The purpose of the flag
prohibiting a small size PU is also to reduce the amount of
worst-case processing to generate a PU prediction image,
similarly to the restriction of bi-prediction. Accordingly, the
flag prohibiting a small size PU and the flag prohibiting
small size bi-prediction may be used as a common flag. Part
(b) of FIG. 34 illustrates an example in which a prediction
restriction flag use restricted prediction is used as a common
flag. In this case, if the prediction restriction flag is true, both
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the application of small size PU and bi-prediction for small
size PU are simultaneously prohibited. Part (c) of FIG. 34
illustrates an example in which the encoded data includes
disable_bipred_size indicating the size of a PU for which
bi-prediction is prohibited. disable_bipred_size may be the
value of a logarithm with a base of 2 of a threshold value TH
described below in the determination method for bi-predic-
tion restriction, or the like. The flags described above may
be encoded using a parameter set other than the sequence
parameter set, or may be encoded using the slice header.

(Motion Compensation Parameter Derivation Unit in Bi-
Prediction Restriction)

FIG. 29 illustrates a configuration of the motion compen-
sation parameter derivation unit 121. The motion compen-
sation parameter derivation unit 121 includes a skip motion
compensation parameter derivation unit 1211, a merge
motion compensation parameter derivation unit 1212, a
basic motion compensation parameter derivation unit 1213,
a bi-prediction restricted PU determination unit 1218, and
abi-prediction/uni-prediction conversion unit 1219.

The motion compensation parameter derivation unit 121
imposes the restriction of bi-prediction on, particularly, the
skip PU and the merge PU, which are PUs in a case that the
inter prediction flag is not decoded.

The skip motion compensation parameter derivation unit
1211 derives motion compensation parameters for a skip PU
if the target CU is skip, and inputs the derived motion
compensation parameters to the bi-prediction/uni-prediction
conversion unit 1219. The bi-prediction/uni-prediction con-
version unit 1219 converts the motion compensation param-
eters in accordance with a bi-prediction restriction condi-
tion, and returns the resulting motion compensation
parameters to the skip motion compensation parameter
derivation unit 1211. The skip motion compensation param-
eter derivation unit 1211 outputs the motion compensation
parameters converted in accordance with the bi-prediction
restriction condition to outside as the motion compensation
parameters of the target PU. If the motion compensation
parameters are determined by a skip index, the following
configuration may be used: the bi-prediction/uni-prediction
conversion unit 1219 may convert each skip candidate, and
the converted skip candidates may be selected using the skip
index.

The merge motion compensation parameter derivation
unit 1212 derives motion compensation parameters of a
target PU if the target PU is merge, and inputs the derived
motion compensation parameters to the bi-prediction/uni-
prediction conversion unit 1219. The bi-prediction/uni-pre-
diction conversion unit 1219 converts the motion compen-
sation parameters in accordance with a bi-prediction
restriction condition, and returns the resulting motion com-
pensation parameters to the merge motion compensation
parameter derivation unit 1212. The merge motion compen-
sation parameter derivation unit 1212 outputs the motion
compensation parameters converted in accordance with the
bi-prediction restriction condition to outside as the motion
compensation parameters of the target PU. If the motion
compensation parameters are determined by the merge
index, the following configuration may be used: the bi-
prediction/uni-prediction conversion unit 1219 may convert
each merge candidate, and the converted merge candidates
may be selected using the merge index.

The basic motion compensation parameter derivation unit
1213 derives motion compensation parameters of a target
PU if the target PU is not skip or merge, and outputs the
derived motion compensation parameters to outside.
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The bi-prediction restricted PU determination unit 1218
refers to the PU size information on the target PU, and
determines whether or not to impose the restriction of
bi-prediction, in which bi-prediction is not used, on the
target PU. Whether or not to impose the restriction of
bi-prediction on the skip CU and the merge PU may be
determined independently from the determination of
whether or not to impose the restriction of bi-prediction on
the basic inter PU. For example, the restriction of bi-
prediction may be imposed using the same PU size as a
threshold value for all the PUs, or the restriction of bi-
prediction may be imposed using a larger PU size as a
threshold value for the skip PU and the merge PU. Alter-
natively, the restriction of bi-prediction may be imposed
only on the basic inter PU whereas the restriction of bi-
prediction may not be imposed on the skip PU or the merge
PU.

In cases where the inter prediction flag is decoded using
a skip PU, such as in a case that the use of merge is
restricted, whether or not to impose the restriction of bi-
prediction may be determined individually for each of a skip
PU, a merge PU, and a basic inter PU.

In the configuration described above, the setting of bi-
prediction and uni-prediction, which is set by the skip
motion compensation parameter derivation unit 1211, is
determined in the bi-prediction/uni-prediction conversion
unit 1219 in accordance with the bi-prediction restricted PU
determination unit 1218. However, the present invention is
not limited to this configuration. For example, the following
configuration may be used: a determination result of the
bi-prediction restricted PU determination unit 1218 may be
input directly to the skip motion compensation parameter
derivation unit 1211 to perform the setting of bi-prediction/
uni-prediction.

(determination method for bi-prediction restriction) A
preferred example of a method in which the bi-prediction
restricted PU determination unit 1218 determines whether or
not the PU of interest is a small size PU to be subject to
bi-prediction restriction will now be described. The deter-
mination method is not limited to the following example,
and other parameters may be used as PU size information.
(Example Determination Method 1)

In example determination method 1, a PU with a size less
than THxTH is subject to bi-prediction restriction, where
TH is a threshold value used to determine a PU size. In this
case, a determination formula that uses the target CU size
(here, the CU Width) and the PU partition type is as follows.

DisableBiPred=((CU Width=—=TH && PU partition type !
2Nx2N) CU Width<TH) ? true : false

Specifically, the following operation is performed: In the
case of TH=16, respective PUs with the sizes of 16x8, 8x16,
12x16, 4x16, 16x12, 16x4, 8x8, 8x4, 4x8, and 4x4 are
subject to bi-prediction restriction.

In the case of TH=8, respective PUs with the sizes 8x4,
4x8, and 4x4 are subject to bi-prediction restriction.

It is possible to perform determination using parameters
other than the target CU size and the PU partition type. For
example, the following determination may be performed
using the number of PU partitions NumPart.

DisableBiPred=((CU Width==TH && NumPart>1) &&
CU Width<TH) ? true : false
(Example Determination Method 2)

In example determination method 2, a PU with a size less
than or equal to THxTH is subject to bi-prediction restric-
tion. In this case, a determination formula is as follows.

DisableBiPred=((CU Width==2*TH && PU partition
type==NxN) CU Width<2*TH) ? true : false
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Specifically, the following operation is performed:

In the case of TH=16, respective PUs with the sizes of
16x16, 16x8, 8x16, 12x16, 4x16, 16x12, 16x4, 8x8, 8x4,
4x8, and 4x4 are subject to bi-prediction restriction.

In the case of TH=8, respective PUs with the sizes of 8x8,
8x4, 4x8, and 4x4 are subject to bi-prediction restriction.
In the case of TH=4, PUs with the size of 4x4 are subject to
bi-prediction restriction.

The following determination using the number of PU
partitions NumPart is also possible.

DisableBiPred=((CU Width==2*TH && NumPart !=4) II
CU Width<2*TH) ? true : false

In the example described above, different PU sizes
(threshold value TH) may be used for the skip PU, the merge
PU, and the basic inter PU. In addition, as already illustrated
in part (c) of FIG. 34, the PU size (threshold value TH) used
for determination may be encoded.

The bi-prediction/uni-prediction conversion unit 1219
converts the motion compensation parameters input to the
bi-prediction/uni-prediction conversion unit 1219 into those
for uni-prediction if the input motion compensation param-
eters represent bi-prediction and if the bi-prediction
restricted PU determination unit determines that the skip PU
and the merge PU are subject to bi-prediction restriction.

The motion compensation parameters are converted into
1, which indicates uni-prediction, if the inter prediction flag
inter_pred_flag of the motion compensation parameters,
which is derived by copying the motion compensation
parameters for a temporally and spatially neighboring PU or
derived from a combination of motion compensation param-
eters for a temporally and spatially neighboring PU, is equal
to 2, which indicates bi-prediction. If an inter prediction flag
(internal inter prediction flag) used for internal processing is
a flag including 1, which indicates L0 prediction, 2, which
indicates L1 prediction, and 3, which indicates bi-prediction,
the following operation is performed. If the internal inter
prediction flag is equal to 3, the internal inter prediction flag
is converted into the value 1, which indicates LO prediction,
or the value 2, which indicates .1 prediction. For conversion
into LO prediction, for example, the motion compensation
parameters concerning L1 prediction refreshed to zero. For
conversion into L1 prediction, for example, the motion
compensation parameters concerning [0 prediction
refreshed to zero.

The bi-prediction/uni-prediction conversion unit 1219
may be implemented as a means included in each of the skip
motion compensation parameter derivation unit 1211 and the
merge motion compensation parameter derivation unit 1212.
The bi-prediction/uni-prediction conversion unit 1219 may
not necessarily be provided when the restriction of bi-
prediction is imposed only on the basic inter PU.

(Motion Information Decoding Unit for Bi-Prediction
Restriction)

FIG. 30 is a block diagram illustrating a configuration of
the motion information decoding unit 1021. The motion
information decoding unit 1021 at least includes the inter
prediction flag decoding unit 1028. The motion information
decoding unit 1021 imposes the restriction of bi-prediction
on the basic inter PU, which is a PU used to particularly
decode an inter prediction flag. The inter prediction flag
decoding unit 1028 changes whether or not to decode the
inter prediction flag, in accordance with whether or not the
bi-prediction restricted PU determination unit 1218
described above imposes the restriction of bi-prediction on
the basic inter PU.



US 12,184,879 B2

39

In cases where the inter prediction flag is decoded using
a skip PU, such as in a case that the use of merge is
restricted, the skip PU is subject to bi-prediction restriction.

The operations and effects achieved by the motion com-
pensation parameter derivation unit 121 imposing the
restriction of bi-prediction by referring to the small PU size
123A are as follows. Bi-prediction involves a larger amount
of processing than uni-prediction, and a small size PU
requires a larger amount of processing per unit area than a
large size PU. Thus, bi-prediction for a small size PU can be
a bottleneck in processing. To address this bottleneck, for a
small size PU, suppressing bi-prediction may prevent an
excessive increase in the amount of processing. In particular,
the amount of worst-case processing such as the processing
of a PU with the smallest size may be reduced.

An additional description will now be given of the inter
prediction flag. In NPL 1, the inter prediction flag (inter_
pred_flag) is basically a flag to select bi-prediction or
uni-prediction. However, if a combined list is not used and
a backward prediction disabling flag is not disabled, a flag
to select LO or L1 as a reference frame list to be used for
uni-prediction may be transmitted using inter_pred_flag.
[Operations and Effects]

The present invention may also be expressed in the
following form. An image decoding device according to an
aspect of the present invention is an image decoding device
for restoring an image in a prediction unit using a prediction
scheme for any inter-frame prediction out of uni-prediction
in which one reference image is referred to and bi-prediction
in which two reference images are referred to. The image
decoding device includes bi-prediction restriction means for
imposing restriction of bi-prediction on a target prediction
unit to which the inter-frame prediction is to be applied, the
target prediction unit being a prediction unit having a size
less than or equal to a predetermined value.

With the restriction described above, the advantage of
reducing the amount of processing that can be a bottleneck
in decoding processing may be achieved.

(3) Details of TU Information Decoding Unit

Next, an example configuration of the TU information
decoding unit 13 and the decoding module 10 will be
described with reference to FIG. 16. FIG. 16 is a functional
block diagram exemplifying a configuration in which the
video decoding device 1 performs a TU partition decoding
process, a transform coefficient decoding process, and a
prediction residual derivation process, that is, the configu-
ration of the TU information decoding unit 13 and the
decoding module 10.

The configuration of the individual components in the TU
information decoding unit 13 and the decoding module 10
will be described hereinafter in this order.

[TU Information Decoding Unit]

As illustrated in FIG. 16, the TU information decoding
unit 13 includes a TU partition setting unit 131 and a
transform coefficient restoration unit 132.

The TU partition setting unit 131 is configured to seta TU
partitioning scheme on the basis of the parameters decoded
from the encoded data, the CU size, and the PU partition
type. The transform coefficient restoration unit 132 is con-
figured to restore the prediction residuals of the individual
TUs in accordance with the TU partition set by the TU
partition setting unit 131.

[TU Partition Setting Unit]

First, the details of the TU partition setting unit 131 will
be described with reference to FIG. 16. More specifically,
the TU partition setting unit 131 includes a target region
setting unit 1311, a split determination unit 1312, a sub-
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region setting unit (transform unit splitting means, splitting
means) 1313, and a transform size determination informa-
tion storage unit 1314.

The target region setting unit 1311 sets a target node,
which is a target region. When the TU partitioning process
for the target transform tree is started, the target region
setting unit 1311 sets the entire target CU as an initial value
of the target region. The partition depth is set to “0”.

The split determination unit 1312 decodes information
(split_transform_flag) indicating whether or not to split the
target node set by the target region setting unit 1311, using
a region split flag decoding unit 1031, and determines
whether or not the splitting of the target node is required on
the basis of the decoded information.

The sub-region setting unit 1313 sets sub-regions for the
target node that is determined by the split determination unit
1312 to be required to be split. Specifically, the sub-region
setting unit 1313 adds 1 to the partition depth for the target
node determined to be required to be split, and splits the
target node on the basis of the transform size determination
information stored in the transform size determination infor-
mation storage unit 1314.

Each target node obtained by splitting is further set as a
target region by the target region setting unit 1311.

In TU partitioning, the series of processes of the “setting
of a target region”, the “determination of splitting”, and the
“setting of sub-regions” is recursively repeated for a target
node, which has been split, by the target region setting unit
1311, the split determination unit 1312, and the sub-region
setting unit 1313.

The transform size determination information storage unit
1314 stores transform size determination information indi-
cating the partitioning scheme for a target node. The trans-
form size determination information is, specifically, infor-
mation that defines the correspondences between CU sizes,
TU partition depths (trafoDepth), PU partition types of the
target PU, and TU partition patterns.

A specific example of the configuration of the transform
size determination information will now be described with
reference to FIG. 17. In the transform size determination
information illustrated in FIG. 17, TU partition patterns are
defined in accordance with CU sizes, TU partition depths
(trafoDepth), and PU partition types of the target PU. In the
table, “d” represents the CU partition depth.

In the transform size determination information, the fol-
lowing four CU sizes are defined: 64x64,32x32, 16x16, and
8x8.

In the transform size determination information, further-
more, selectable PU partition types are defined in accor-
dance with CU sizes.

For CU sizes of 64x64,32x32, and 16x16, any of 2Nx2N,
2NxnU, 2NxnD, Nx2N, n[.x2N, and nRx2N may be select-
able as a PU partition type.

For a CU size of 8x8, any of 2Nx2N, 2NxN, and Nx2N
may be selectable as a PU partition type.

In the transform size determination information, further-
more, TU partition patterns are defined for respective TU
partition depths in accordance with CU sizes and PU parti-
tion types.

For example, for a CU size of 64x64, the details are as
follows. First, a TU partition depth of “0” is not defined, and
a 64x64 CU is forcibly split (which is indicated by *1 in
FIG. 17). The reason for this is that the maximum size of a
transform unit is defined as 32x32.

For TU partition depths of “1” and “2”, different TU
partition patterns are defined for the case that only square
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quadtree partitions are included and the case that only
non-square quadtree partitions are included.

For the PU partition type of 2Nx2N and the TU partition
pattern including only square quadtree partitions, a 32x32
square quadtree partition is defined at a TU partition depth
of “1”, and a 16x16 square quadtree partition is defined at
a TU partition depth of “2”.

The definitions for any of the PU partition types of
2Nx2N, 2NxnU, 2NxnD, Nx2N, n[Lx2N, and nRx2N and
the TU partition pattern including only non-square quadtree
partitions are as follows.

First, a 32x32 square quadtree partition is defined at a TU
partition depth of “1”. Then, at a TU partition depth of “2”,
a 32x8 non-square quadtree partition is defined for the PU
partition types of 2Nx2N, 2NxnU, and 2NxnD, and an 8x32
non-square quadtree partition is defined for the PU partition
types of Nx2N, nL.x2N, and nRx2N.

The example for a CU size of 8x8 is as follows. For a CU
size of 8x8, the selectable PU partition types are 2Nx2N,
2Nx2, and Nx2N. For each of the PU partition types, an 8x8
square quadtree partition is defined at a TU partition depth
of“1”, and a 4x4 square quadtree partition is defined ata TU
partition depth of “2”. No definition is given at a TU
partition depth of “3”, and the CU is forced into non-split
(which is indicated by *2 in FIG. 17).

The details of TU partitioning in the TU partition setting
unit 131 will now be described with reference to FIG. 20.
FIG. 20 is a diagram illustrating an example of TU partitions
of the CU size of 32x32 and the PU partition type of 2NxN.

When the TU partitioning process starts, the target region
setting unit 1311 sets the entire target CU as an initial value
of' the target region, and also sets depth=0. At depth=0, a PU
boundary B1 is indicated by a dotted line at the center in the
vertical direction of the region.

Then, the split determination unit 1312 determines
whether or not the splitting of the target node is required on
the basis of information (split_transform_flag) indicating
whether or not to split the target node.

Since split=1 is set, the split determination unit 1312
determines that the target node is split.

The sub-region setting unit 1313 increases the depth by 1,
and sets a TU partition pattern for the target node on the
basis of transform size determination information. The sub-
region setting unit 1313 executes TU partitioning on the
target region, or the target CU, with depth=1.

In accordance with the definition of the transform size
determination information illustrated in FIG. 17, at depth=1,
the sub-region setting unit 1313 splits the target node into
32x8 regions using quadtree partitioning.

Accordingly, the target node is split into four landscape-
oriented rectangular regions TUO, TU1, TU2, and TU3 using
a partitioning scheme illustrated in part (b) of FIG. 18.

Further, the target region setting unit 1311 sequentially
sets the respective nodes of TUO, TU1, TU2, and TU3 as
target regions at the partition depth of depth=1.

Since split=1 is set for TU1, the split determination unit
1312 determines that TU1 is split.

The sub-region setting unit 1313 executes TU partitioning
on TU1 with depth=2. In accordance with the definition of
the transform size determination information illustrated in
FIG. 17, at depth=2, the sub-region setting unit 1313 splits
the target node into 16x4 regions using quadtree partition-
ing.

Accordingly, the target node TU1 is split into four land-
scape-oriented rectangular regions TU1-0, TU1-1, TU1-2,
and TU1-3 using a partitioning scheme illustrated in part (a)
of FIG. 19.
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[3-1] Example of Configuration for Derivation of Sub-
Region Size when PU Partition Type is Asymmetric

For an asymmetric PU partition type, the sub-region
setting unit 1313 may be configured to apply rectangular
(non-square) transform to smaller PUs and to apply square
transform to at least some of larger PUs.

For example, the transform size determination informa-
tion stored in the transform size determination information
storage unit 1314 includes pieces of definition information,
namely, a small PU size 1314A and a large PU size 1314B.

The small PU size 1314A has a definition in which
rectangular transform is applied to a small size PU among
asymmetric PUs obtained by splitting.

The large PU size 1314B has a definition in which square
transform is applied to a large size PU among asymmetric
PUs obtained by splitting.

Further, the sub-region setting unit 1313 refers to one of
the definition information of the small PU size 1314A and
the definition information of the large PU size 1314B in
accordance with the sizes of the asymmetric PUs obtained
by splitting, and sets sub-regions.

TU partitioning with the example configuration described
above will now be described with reference to FIG. 21.

FIG. 21 is a diagram illustrating an example of TU
partitions of the PU partition type of 2NxnU in the example
configuration described above.

First, when the TU partitioning process starts, the target
region setting unit 1311 sets the entire target CU as an initial
value of the target region, and also sets depth=0. At depth=0,
a PU boundary B2 is indicated by a dotted line at a position
above the center in the vertical direction of the region.

Then, the split determination unit 1312 determines
whether or not the splitting of the target node is required on
the basis of information (split_transform_flag) indicating
whether or not to split the target node.

Since split=1 is set, the split determination unit 1312
determines that the target node is split.

The sub-region setting unit 1313 increases the depth by 1,
and sets a TU partition pattern for the target node on the
basis of transform size determination information. The sub-
region setting unit 1313 executes TU partitioning on the
target region, or the target CU, with depth=1.

The sub-region setting unit 1313 performs landscape-
oriented rectangular TU partitioning on a small size PU
among asymmetric PUs obtained by splitting, in accordance
with the small PU size 1314A.

The sub-region setting unit 1313 performs setting so that
a larger size PU among asymmetric PUs obtained by split-
ting includes square TU partitions, in accordance with the
large PU size 1314B. As illustrated in FIG. 21, the sub-
region setting unit 1313 may perform setting so that a region
located near the PU boundary includes rectangular TU
sub-regions.

As a result, at depth=1, the sub-region setting unit 1313
splits the target node into two rectangular nodes and two
square nodes using quadtree partitioning.

Accordingly, the target node is split into four regions,
namely, landscape-oriented rectangular regions TUO and
TU1 and square regions TU2 and TU3.

The target region setting unit 1311 further sequentially
sets the respective nodes TUO0, TU1, TU2, and TU3 as target
regions at the partition depth of depth=1.

Since split=1 is set for TUO and TU2, the split determi-
nation unit 1312 determines that TUO and TU2 are split.

The sub-region setting unit 1313 executes TU partitioning
on TUO and TU2 with depth=2. At depth=2, the sub-region
setting unit 1313 splits TUO into four landscape-oriented
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rectangles using TU partitioning, and splits TU2 into four
squares using TU partitioning.

Accordingly, TUO is split into four landscape-oriented
rectangular regions TU0-0, TU0-1, TUO0-2, and TU0-3. TU2
is split into four landscape-oriented rectangular regions
TU2-0, TU2-1, TU2-2, and TU2-3.

As described above, a CU with an asymmetric PU parti-
tion type is preferably subjected to TU partitioning so that no
partitions lie across the PU boundary and the TU sub-regions
obtained by splitting have the same area.

[Operations and Effects]

The present invention may also be expressed in the
following form. An image decoding device according to an
aspect of the present invention is an image decoding device
for restoring an image by generating a prediction image for
each of prediction units obtained by splitting a coding unit
into one or more partitions, decoding a prediction residual
for each of transform units obtained by splitting a coding
unit into one or more partitions, and adding the prediction
residual to the prediction image. Partition types in which a
coding unit is split into the prediction units include an
asymmetric partition in which a coding unit is split into a
plurality of prediction units having different sizes or a
symmetric partition in which a coding unit is split into a
plurality of prediction units having the same size. The image
decoding device includes transform unit splitting means for
determining, in a case that a partition type of a target coding
unit, which is a coding unit to be decoded, is the asymmetric
partition, a partitioning scheme for a transform unit in
accordance with a size of a prediction unit included in the
target coding unit.

Thus, if the partition type is the asymmetric partition, a
partitioning scheme for a transform unit that enables effi-
cient removal if correlations in accordance with the size of
a prediction unit included in the target coding unit described
above may be selected.

[3-2] Example of Configuration for Applying Non-Rect-
angular Transform when PU Partition Type is a Square
Partition for Some CU Sizes
[Example Configuration 3-2-1]

The sub-region setting unit 1313 may split a target node
into non-square regions if the PU partition type is a square
partition.

To that end, in the transform size determination informa-
tion stored in the transform size determination information
storage unit 1314, a square PU partition type 1314C that
defines a target node as being split into non-square regions
may be defined if the PU partition type is a square partition.

If the PU partition type is a square partition, the sub-
region setting unit 1313 splits a target node into non-square
regions by referring to the square PU partition type 1314C.

If the CU size is 32x32 size and the PU partition type is
2Nx2N, the sub-region setting unit 1313 may split a region
into 32x8 nodes using TU partitioning.

If the CU size is 32x32 size and the PU partition type is
2Nx2N, the sub-region setting unit 1313 may additionally
decode information indicating the partitioning scheme for
TU partitions, and split a region into 32x8, 16x16, or 8x32
nodes on the basis of the decoded information.

If the CU size is 32x32 size and the PU partition type is
2Nx2N, the sub-region setting unit 1313 may estimate the
TU size at which the target CU is split, on the basis of the
size and PU partition type of the neighboring CUs. The
sub-region setting unit 1313 may also estimate the TU size
as given in the following items (i) to (iii).
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(1) If a CU boundary or a PU boundary is present near the
left side and a boundary between a CU boundary and a PU
boundary is not present near the upper side, 32x8 is selected.

(i1) If a CU boundary or a PU boundary is present near the
upper side and a boundary between a CU boundary and a PU
boundary is not present near the left side, 8x32 is selected.

(ii1) Otherwise than the items (i) and (ii) above (if a
boundary is present near the left side or near the upper side
or no boundary is present near the left side or near the upper
side), 16x16 is selected.

[Operations and Effects]

The present invention may also be expressed in the
following form. An image decoding device according to an
aspect of the present invention is an image decoding device
for restoring an image by generating a prediction image for
each of prediction units obtained by splitting a coding unit
into one or more partitions, decoding a prediction residual
for each of transform units obtained by splitting a coding
unit into one or more partitions, and adding the prediction
residual to the prediction image. Partitioning schemes in
which a coding unit is split into the transform units include
square partitioning and rectangular partitioning. The image
decoding device includes splitting means for splitting a
target transform unit using a rectangular partitioning scheme
in a case that a target prediction unit, which is a prediction
unit to be decoded, has a square shape.

The operations and effects achieved by the configuration
described above are as follows. In some cases, square
prediction units may be selected even though edges are
present in the region and the image has directionality. For
example, in a case that an object including a large number
of horizontal edges is moving, motion is uniform over the
entire object. Thus, square prediction units are selected. In
the transform process, however, preferably, transform units
having a shape that is long in the horizontal direction along
the horizontal edges are applied.

According to the configuration described above, in a case
that a target prediction unit, which is the prediction unit to
be decoded, has a square shape, a target transform unit is
split using a rectangular partitioning scheme.

Accordingly, a rectangular transform unit may also be
selected in a square coding unit, resulting in improved
coding efficiency for the region described above.
[Example Configuration 3-2-2]

In addition to the configuration 3-2-1 described above, for
the CU size of 16x16 size and the PU partition type of
2Nx2N, the sub-region setting unit 1313 performs splitting
as follows at the respective partition depths.

At a partition depth equal to 1, splitting into 16x4 TUs is
performed.

At a partition depth equal to 2, splitting into 4x4 TUs is
performed.

The configuration described above allows a uniform scan
order in 4x4 TUs regardless of the PU partition type of a
16x16 CU. If the scan order is not uniform in 4x4 TUs
because of different PU partition types of a 16x16 CU, the
scanning process needs to be changed in accordance with the
PU partition types of the 16x16 CU, causing an increased
complexity of processing. Such non-uniformity in scan
order might create a bottleneck in processing.

According to the configuration described above, unifor-
mity of the scan order may achieve the advantage of
simplified processing.

More details will now be described with reference to FIG.
22 and FIG. 23. First, a description will be given of TU
partitions illustrated in FI1G. 22. FIG. 22 illustrates the flow
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of TU partitioning in a case that a split is performed in
accordance with the transform size determination informa-
tion illustrated in FIG. 17.

As illustrated in part (a) of FIG. 22, for the PU partition
type of 2Nx2N: at depth=1, the sub-region setting unit 1313
splits the target node using square quadtree partitioning. At
depth=2, the sub-region setting unit 1313 further splits each
of the square nodes obtained by splitting, using square
quadtree partitioning. Here, the recursive z-scan order is
used. The details are as illustrated in FIG. 22.

As illustrated in part (b) of FIG. 22, for the PU partition
type of 2NxnU: at depth=1, the sub-region setting unit 1313
splits the target node using landscape-oriented rectangular
quadtree partitioning. At depth=2, the sub-region setting unit
1313 further splits each of the landscape-oriented rectangu-
lar nodes obtained by splitting, using square quadtree par-
titioning. Here, raster scan order is used as the scan order of
the TUs. The details are as illustrated in FIG. 22.

Next, a description will be given of the TU partitioning
illustrated in FIG. 23. FIG. 23 illustrates the flow of TU
partitioning in a case that a region with the PU partition type
of 2Nx2N is split in accordance with the square PU partition
type 1314C.

For the PU partition type of 2Nx2N: at depth=1, the
sub-region setting unit 1313 splits the target node using
landscape-oriented rectangular quadtree partitioning. At
depth=2, the sub-region setting unit 1313 further splits each
of the landscape-oriented rectangular nodes obtained by
splitting, using square quadtree partitioning.

As a result, raster scan order is used. Accordingly, a
common scan order, or raster scan order, can be used for the
PU partition type of 2NxnU and the PU partition type of
2Nx2N.

[Transform Coeflicient Restoration Unit]

The details of the transform coefficient restoration unit
132 will be described hereinafter with reference again to
FIG. 16. More specifically, the transform coeflicient resto-
ration unit 132 includes a non-zero coefficient determination
unit 1321 and a transform coefficient derivation unit 1322.

The non-zero coefficient determination unit 1321 decodes
non-zero transform coeflicient presence or absence informa-
tion on each TU included in a target CU or on a transform
tree using a determination information decoding unit (coef-
ficient decoding means) 1032 to determine whether or not
each TU includes a non-zero transform coefficient.

The transform coefficient derivation unit 1322 restores the
transform coefficient of each TU including a non-zero trans-
form coefficient using a transform coefficient decoding unit
(coefficient decoding means) 1033, and also sets the trans-
form coefficient of each TU not including a non-zero trans-
form coefficient to O (zero).

[Decoding Module]

As illustrated in FIG. 16, the decoding module 10
includes the region split flag decoding unit 1031, the deter-
mination information decoding unit 1032, the transform
coeflicient decoding unit 1033, and a context storage unit
1034.

The region split flag decoding unit 1031 decodes syntax
values, in accordance with the encoded data and syntax type
supplied from the split determination unit 1312, from a
binary representation included in the encoded data. The
region split flag decoding unit 1031 decodes information
(split_transform_flag) indicating whether or not to split the
target node.

In accordance with encoded data and syntax type of the
non-zero transform coeflicient presence or absence informa-
tion supplied from the transform coefficient derivation unit
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1322, the determination information decoding unit 1032
decodes a syntax value from a binary representation
included in the encoded data. The syntax elements decoded
by the determination information decoding unit 1032
include, specifically, no_residual_data_flag, cbf luma,
cbf_cb, cbf_cr, and cbp.

In accordance with encoded data and syntax type of the
transform coefficients supplied from the transform coeffi-
cient derivation unit 1322, the transform coefficient decod-
ing unit 1033 decodes a syntax value from a binary repre-
sentation included in the encoded data. The syntax elements
decoded by the transform coefficient decoding unit 1033
include, specifically, level, which is the absolute value of a
transform coefficient, the sign of a transform coefficient, and
the run of consecutive zeros.

The context storage unit 1034 stores contexts referred to
by the determination information decoding unit 1032 and the
transform coefficient decoding unit 1033 for decoding pro-
cesses.

[3-3] Specific Configuration for Referring to Contexts
when Decoding Transform Coefficients

If the PU partition type is an asymmetric partition, each
of the determination information decoding unit 1032 and the
transform coefficient decoding unit 1033 may be configured
to decode syntax values for transform coefficients using
different contexts for TUs included in a smaller PU and TUs
included in a larger PU. Examples of such types of syntax
elements include a non-zero transform coefficient flag, a
transform coeflicient level, a run of transform coefficients,
and non-zero transform coefficient presence or absence
information on each node in the TU tree. The syntax
elements described above may be used in combination.

Accordingly, the context storage unit 1034 may store a
small PU size 1034A representing probability setting values
corresponding to various syntax values for transform coef-
ficients in contexts referred to in TUs included in a smaller
PU, and a large PU size 1034B representing probability
setting values in contexts referred to in TUs included in a
larger PU. The small PU size 1034A and the large PU size
1034B are probability setting values corresponding to dif-
ferent contexts.

The determination information decoding unit 1032 arith-
metically decodes Cbf (cbf_luma, cbf_cb, cbf _cr, etc.) for
the target TU by referring to the small PU size 1034 A if the
target TU is included in a small PU or by referring to the
large PU size 1034B if the target TU is included in a larger
PU.

The transform coeflicient decoding unit 1033 arithmeti-
cally decodes transform coefficients (level, sign, run, etc.)
for the target TU by referring to the small PU size 1034A if
the target TU is included in a small PU or by referring to the
large PU size 1034B if the target TU is included in a larger
PU.

The determination information decoding unit 1032 and
the transform coefficient decoding unit 1033 may refer to the
small PU size 1034A if the target TU is included in a larger
PU and if the target TU is located near a smaller PU.

In other words, even in a case that the target TU is
included in a larger PU, if the target TU is located near the
PU boundary, the determination information decoding unit
1032 and the transform coefficient decoding unit 1033 may
refer to the small PU size 1034A.

A smaller PU may possibly include an edge, and is likely
to include a transform coefficient. On the other hand, a larger
PU is less likely to include a transform coeflicient. A
different context is used for the target TU depending on
whether the target TU is included in the small PU or the
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larger PU. Accordingly, variable length decoding may be
performed in accordance with the probability of occurrence
of the transform coefficient in each region.

[Operations and Effects]

The present invention may also be expressed in the
following form. An image decoding device according to an
aspect of the present invention is an image decoding device
for restoring an image by generating a prediction image for
each of prediction units obtained by splitting a coding unit
into one or more partitions, decoding a prediction residual
for each of transform units obtained by splitting a coding
unit into one or more partitions, and adding the prediction
residual to the prediction image. Partition types in which a
coding unit is split into the prediction units include a split
into asymmetric partitions that are prediction units having
different sizes and a split into symmetric partitions that are
prediction units having the same size. The image decoding
device includes coefficient decoding means for decoding, in
a case that a partition type of a target prediction unit, which
is a prediction unit to be decoded, is a split into asymmetric
partitions, transform coefficients by referring to different
contexts for small and large prediction units obtained by the
split.

Thus, variable length decoding may be performed in
accordance with the probability of occurrence of transform
coeflicients in respective regions of transform units included
in a small prediction unit and transform units included in a
large prediction unit.

(Processing Flow)

The CU decoding process of the video decoding device 1
will now be described with reference to FIG. 24. In the
following, it is assumed that a target CU is an inter CU or
a skip CU. FIG. 24 is a flowchart illustrating an example of
the flow of the CU decoding process (inter/skip CU) for the
video decoding device 1.

When the CU decoding process starts, the CU information
decoding unit 11 decodes CU prediction information on the
target CU using the decoding module 10 (S11). This process
is performed on a per-CU basis.

Specifically, in the CU information decoding unit 11, the
CU prediction mode determination unit 111 decodes the skip
flag SKIP using the decoding module 10. If the skip flag
does not indicate a skip CU, the CU prediction mode
determination unit 111 further decodes CU prediction type
information Pred_type using the decoding module 10.

Then, processing on a per-PU basis is performed. Spe-
cifically, the motion compensation parameter derivation unit
121 in the PU information decoding unit 12 decodes motion
information (S12), and the prediction image generation unit
14 generates a prediction image through inter prediction
based on the decoded motion information (S13).

Then, the TU information decoding unit 13 performs a TU
partition decoding process (S14). Specifically, in the TU
information decoding unit 13, the TU partition setting unit
131 sets a TU partitioning scheme on the basis of parameters
decoded from the encoded data and the CU size and the PU
partition type. This process is performed on a per-CU basis.

Then, processing on a per-TU basis is performed. Spe-
cifically, the TU information decoding unit 13 decodes a
transform coeflicient (S15), and the dequantization/inverse
transform unit 15 derives a prediction residual from the
decoded transform coefficient (S16).

Then, the adder 17 adds together the prediction image and
the prediction residual to generate a decoded image (S17).
This process is performed on a per-CU basis.
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[Video Encoding Device]

The video encoding device 2 according to the present
embodiment will be described hereinafter with reference to
FIG. 25 and FIG. 26.

(Overview of Video Encoding Device)

Generally, the video encoding device 2 is a device con-
figured to encode an input image #10 to generate encoded
data #1, and to output the encoded data #1.
(Configuration of Video Encoding Device)

First, an example configuration of the video encoding
device 2 will be described with reference to FIG. 25. FIG.
25 is a functional block diagram illustrating a configuration
of'the video encoding device 2. As illustrated in FIG. 25, the
video encoding device 2 includes an encoding setting unit
21, a dequantization/inverse transform unit 22, a prediction
image generation unit 23, an adder 24, a frame memory 25,
a subtractor 26, a transform/quantization unit 27, and an
encoded data generation unit (encoding means) 29.

The encoding setting unit 21 generates image data and
various kinds of setting information concerning encoding,
on the basis of the input image #10.

Specifically, the encoding setting unit 21 generates the
following image data and setting information.

First, the encoding setting unit 21 sequentially splits the
input image #10 into slices and tree blocks to generate a CU
image #100 for a target CU.

The encoding setting unit 21 further generates header
information H' on the basis of the results of the splitting
process. The header information H' includes (1) information
on the size and shape of a tree block included in a target slice
and the position of the tree block in the target slice, and (2)
CU information CU' on the size and shape of CUs of each
tree block and the position of CUs in a target tree block.

The encoding setting unit 21 also generates PT setting
information PTI' by referring to the CU image #100 and the
CU information CU'. The PT setting information PTT'
includes information concerning all the combinations of (1)
possible patterns of splitting the target CU into individual
PUs and (2) possible prediction modes that are allocated to
each PU.

The encoding setting unit 21 supplies the CU image #100
to the subtractor 26. The encoding setting unit 21 further
supplies the header information H' to the encoded data
generation unit 29. The encoding setting unit 21 further
supplies the PT setting information PTT' to the prediction
image generation unit 23.

The dequantization/inverse transform unit 22 applies
dequantization and inverse orthogonal transform to the
quantized prediction residuals for each block, which are
supplied from the transform/quantization unit 27, to restore
prediction residuals for each block. The inverse orthogonal
transform has been described in conjunction with the
dequantization/inverse transform unit 15 illustrated in FIG.
1 and a description thereof is thus omitted here.

Further, the dequantization/inverse transform unit 22 inte-
grates the prediction residuals for each block in accordance
with a partition pattern specified by TT split information
(described below), and generates a prediction residual D for
the target CU. The dequantization/inverse transform unit 22
supplies the generated prediction residual D for the target
CU to the adder 24.

The prediction image generation unit 23 generates a
prediction image Pred for the target CU by referring to a
locally decoded image P' recorded on the frame memory 25
and the PT setting information PTT'. The prediction image
generation unit 23 sets the prediction parameters obtained by
a prediction image generation process in the PT setting
information PTT', and transfers the set PT setting information
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PTT to the encoded data generation unit 29. The prediction
image generation process of the prediction image generation
unit 23 is similar to that of the prediction image generation
unit 14 in the video decoding device 1, and a description
thereof is thus omitted here.

The adder 24 adds together the prediction image Pred
supplied from the prediction image generation unit 23 and
the prediction residual D supplied from the dequantization/
inverse transform unit 22 to generate a decoded image P for
the target CU.

Decoded images P, which have been decoded, are sequen-
tially recorded on the frame memory 25. At the time when
the target tree block is decoded, the frame memory 25 has
recorded thereon decoded images corresponding to all the
tree blocks decoded before the target tree block is decoded
(for example, all the preceding tree blocks in raster scan
order), together with parameters used for the decoding of the
decoded images P.

The subtractor 26 subtracts the prediction image Pred
from the CU image #100 to generate a prediction residual D
for the target CU. The subtractor 26 supplies the generated
prediction residual D to the transform/quantization unit 27.

The transform/quantization unit 27 applies orthogonal
transform and quantization to the prediction residual D to
generate a quantized prediction residual. The term “orthogo-
nal transform™, as used herein, refers to an orthogonal
transform from the pixel domain to the frequency domain.
Examples of the orthogonal transform include DCT trans-
form (Discrete Cosine Transform) and DST transform (Dis-
crete Sine Transform).

Specifically, the transform/quantization unit 27 refers to
the CU image #100 and the CU information CU', and
determines the pattern in which the target CU is split into
one or a plurality of blocks. The transform/quantization unit
27 splits the prediction residual D into prediction residuals
for the respective blocks in accordance with the determined
partition pattern.

Further, the transform/quantization unit 27 applies
orthogonal transform to the prediction residual for each
block to generate a prediction residual in the frequency
domain. Then, the transform/quantization unit 27 quantizes
the prediction residual in the frequency domain to generate
a quantized prediction residual for each block.

The transform/quantization unit 27 further generates TT
setting information TTI' including the generated quantized
prediction residual for each block, TT split information for
specifying the partition pattern of the target CU, and infor-
mation concerning all possible patterns of splitting the target
CU into individual blocks. The transform/quantization unit
27 supplies the generated TT setting information TTT to the
dequantization/inverse transform unit 22 and the encoded
data generation unit 29.

The encoded data generation unit 29 encodes the header
information H', the TT setting information TTI', and the PT
setting information PTI'. The encoded data generation unit
29 further multiplexes the encoded header information H,
TT setting information TTI, and PT setting information PTI
to generate encoded data #1, and outputs the encoded data
#1.

(Correspondence Between Video Encoding Device and
Video Decoding Device)

The video encoding device 2 includes a configuration
corresponding to the configuration of the video decoding
device 1. The term “correspondence”, as used herein, is used
to indicate a relationship in which the video encoding device
2 and the video decoding device 1 perform similar or
opposite operations.
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For example, as described above, the prediction image
generation process of the prediction image generation unit
14 in the video decoding device 1 is similar to the prediction
image generation process of the prediction image generation
unit 23 in the video encoding device 2.

For example, a process in which the video decoding
device 1 decodes syntax values from a bit sequence is
opposite to a process in which the video encoding device 2
encodes a bit sequence from syntax values.

The following description will be given of what corre-
spondence exists between the respective components of the
video encoding device 2 and the CU information decoding
unit 11, the PU information decoding unit 12, and the TU
information decoding unit 13 of the video decoding device
1. Accordingly, the operations and functions of the respec-
tive components of the video encoding device 2 will become
apparent in more detail.

The encoded data generation unit 29 corresponds to the
decoding module 10. More specifically, whereas the decod-
ing module 10 derives syntax values on the basis of encoded
data and syntax type, the encoded data generation unit 29
generates encoded data on the basis of syntax values and
syntax type.

The encoding setting unit 21 corresponds to the CU
information decoding unit 11 of the video decoding device
1. A comparison between the encoding setting unit 21 and
the CU information decoding unit 11 will be presented as
follows.

The CU information decoding unit 11 supplies encoded
data and syntax type for CU prediction type information to
the decoding module 10, and determines a PU partition type
on the basis of the CU prediction type information decoded
by the decoding module 10.

On the other hand, the encoding setting unit 21 determines
a PU partition type, and generates CU prediction type
information. The encoding setting unit 21 supplies syntax
values and syntax type for the CU prediction type informa-
tion to the encoded data generation unit 29.

The encoded data generation unit 29 may include com-
ponents similar to the binarization information storage unit
1012, the context storage unit 1013, and the probability
setting storage unit 1014 in the decoding module 10.

The prediction image generation unit 23 correspond to the
PU information decoding unit 12 and the prediction image
generation unit 14 of the video decoding device 1. A
comparison between them will be presented as follows.

As described above, the PU information decoding unit 12
supplies encoded data and syntax type for motion informa-
tion to the decoding module 10, and derives motion com-
pensation parameters on the basis of the motion information
decoded by the decoding module 10. The prediction image
generation unit 14 generates a prediction image on the basis
of the derived motion compensation parameters.

On the other hand, the prediction image generation unit 23
determine motion compensation parameters in a prediction
image generation process, and supplies syntax values and
syntax type for the motion compensation parameters to the
encoded data generation unit 29.

The prediction image generation unit 23 may include
components similar to the merge candidate priority infor-
mation storage unit 122 and the reference frame setting
information storage unit 123 in the PU information decoding
unit 12.

The transform/quantization unit 27 corresponds to the TU
information decoding unit 13 and the dequantization/inverse
transform unit 15 of the video decoding device 1. A com-
parison between them will be presented as follows.
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The TU partition setting unit 131 in the TU information
decoding unit 13 supplies encoded data and syntax type for
information indicating whether or not to split a node to the
decoding module 10, and performs TU partitioning on the
basis of the information indicating whether or not to split a
node, which is decoded by the decoding module 10.

The transform coefficient restoration unit 132 in the TU
information decoding unit 13 supplies encoded data and
syntax type for determination information and transform
coeflicients to the decoding module 10, and derives trans-
form coefficients on the basis of the determination informa-
tion and transform coefficients decoded by the decoding
module 10.

On the other hand, the transform/quantization unit 27
determines a partitioning scheme for TU partitions, and
supplies syntax values and syntax type for information
indicating whether or not to split a node to the encoded data
generation unit 29.

The transform/quantization unit 27 further supplies syn-
tax values and syntax type for quantized transform coeffi-
cients obtained by applying transform and quantization to
prediction residuals to the encoded data generation unit 29.

The transform/quantization unit 27 may include a con-
figuration similar to that of the transform size determination
information storage unit 1314 in the TU partition setting unit
131. The encoded data generation unit 29 may include a
configuration similar to that of the context storage unit 1034
in the decoding module 10.

(Correspondence Between Video Encoding Device and
Specific Configuration)

[1]" Encoding Setting Unit and Encoded Data Generation
Unit

[1-1]" Example of Configuration for Restricting Refer-
ences to Contexts

If the PU partition type is an asymmetric partition, the
encoded data generation unit 29 may perform an encoding
process on information indicating the partition type of the
asymmetric partition without using contexts for CABAC.

A specific configuration of the encoded data generation
unit 29 is similar to that described in, for example, the
example configuration [1-1] of the video decoding device 1,
and a description thereof is thus omitted here. Note that “the
CU prediction mode decoding unit 10117, “the probability
setting storage unit 10147, and “decode (decoding)” in the
description of the example configuration [1-1] should be
substituted with “the encoded data generation unit 297, “the
configuration corresponding to the probability setting stor-
age unit 10147, and “encode (encoding)”, respectively.

[1-2]" Configuration for Encoding CU Prediction Type
Information (Pred_Type)

The encoded data generation unit 29 may be configured to
encode CU prediction type information by referring to
binarization information.

A specific configuration of the encoded data generation
unit 29 is similar to that described in, for example, the
example configuration [1-2] of the video decoding device 1,
and a description thereof is thus omitted here. Note that “the
CU prediction mode decoding unit 10117, “the binarization
information storage unit 10127, and “decode (decoding)” in
the description of the example configuration [1-2] should be
substituted with “the encoded data generation unit 297, “the
configuration corresponding to the binarization information
storage unit 1012”, and “encode (encoding)”, respectively.

[1-3]' Configuration for Encoding Short Code of Intra CU
in Small Size CU

The encoded data generation unit 29 may be configured to
encode a short code of an intra CU in a small size CU.
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A specific configuration of the encoded data generation
unit 29 is similar to that described in, for example, the
example configuration [1-3] of the video decoding device 1,
and a description thereof is thus omitted here. Note that “the
CU prediction mode decoding unit 10117, “the context
storage unit 1013”, “the binarization information storage
unit 1012”, and “decode (decoding)” in the description of
the example configuration [1-3] should be substituted with
“the encoded data generation unit 29”, “the configuration
corresponding to the context storage unit 1013”, “the con-
figuration corresponding to the binarization information
storage unit 1012”, and “encode (encoding)”, respectively.

[1-4]' Configuration for Modifying Interpretation of Bin
Sequence in Accordance with Neighboring Prediction
Parameters

The encoded data generation unit 29 may be configured to
modify the interpretation of a bin sequence by referring to
prediction parameters allocated to neighboring regions.

A specific configuration of the encoded data generation
unit 29 is similar to that described in, for example, the
example configuration [1-4] of the video decoding device 1,
and a description thereof is thus omitted here. Note that “the
CU prediction mode decoding unit 10117, “the binarization
information storage unit 10127, and “decode (decoding)” in
the description of the example configuration [1-4] should be
substituted with “the encoded data generation unit 297, “the
configuration corresponding to the binarization information
storage unit 1012”, and “encode (encoding)”, respectively.

[2]' Prediction Image Generation Unit and Encoded Data
Generation Unit

[2-1]' Example of Positions and Priorities of Merge Can-
didates

In a case that the PU partition type is asymmetric, the PU
information generation unit 30 may be configured to deter-
mine the priorities of merge candidates using a method
different from that in a case that the PU partition type is
symmetric.

A specific configuration of the PU information generation
unit 30 is similar to that described in, for example, the
example configuration [2-1] of the video decoding device 1,
and a description thereof is thus omitted here. Note that “the
motion compensation parameter derivation unit 121” and
“the merge candidate priority information storage unit 122”
in the description of the example configuration [2-1] should
be substituted with “the motion compensation parameter
generation unit 301” and “the configuration corresponding
to the merge candidate priority information storage unit
1227, respectively.

[2-2]' Change of Merge Candidates Using Combination of
CU Size and Skip/Merge

The prediction image generation unit 23 may be config-
ured to change merge candidates in accordance with a
combination of a CU size and a CU type, namely, whether
or not the CU of interest is a CU for skipping/merging.

A specific configuration of the prediction image genera-
tion unit 23 is similar to that described in, for example, the
example configuration [2-2] of the video decoding device 1,
and a description thereof is thus omitted here. Note that “the
motion compensation parameter derivation unit 121” and
“the merge candidate priority information storage unit 122”
in the description of the example configuration [2-2] should
be substituted with “the configuration corresponding to the
merge candidate priority information storage unit 1227,
respectively.

[2-3]' Determination of Number of Reference Frames

The prediction image generation unit 23 may determine
which prediction scheme out of uni-prediction and bi-
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prediction to apply in inter prediction, by referring to the
reference frame setting information.

A specific configuration of the prediction image genera-
tion unit 23 is similar to that described in, for example, the
example configuration [2-3] of the video decoding device 1,
and a description thereof is thus omitted here. Note that “the
motion compensation parameter derivation unit 121” and
“the reference frame setting information storage unit 123" in
the description of the example configuration [2-3] should be
substituted with “the configuration corresponding to the
reference frame setting information storage unit 123”7,
respectively.

[3]' Transform/Quantization Unit and Encoded Data Gen-
eration Unit

[3-1]" Example of Configuration for Derivation of Sub-
Region Size when PU Partition Type is Asymmetric

If the PU partition type is asymmetric, the transform/
quantization unit 27 may be configured to apply rectangular
(non-square) transform to a smaller PU and to apply square
transform to a larger PU.

A specific configuration of the transform/quantization unit
27 is similar to that described in, for example, the example
configuration [3-1] of the video decoding device 1, and a
description thereof is thus omitted here. Note that “the target
region setting unit 13117, “the split determination unit
13127, and “the sub-region setting unit 1313” in the descrip-
tion of the example configuration [3-1] should be substituted
with “the transform/quantization unit 27”. In addition, “the
transform size determination information storage unit 1314
in the description of the example configuration [3-1] should
be substituted with “the configuration corresponding to the
transform size determination information storage unit
1314”.

[3-2]" Example of Configuration for Applying Non-Rect-
angular Transform when Some PU Partition Types are
Square Partition

If the PU partition type is a square partition, the trans-
form/quantization unit 27 may be configured to split the
target node into non-square regions. In addition to the
configuration described above, if the CU size is 16x16 size
and the PU partition type is 2Nx2N, the transform/quanti-
zation unit 27 may be configured to perform splitting so that
uniform scan order is used for the respective partition
depths.

A specific configuration of the transform/quantization unit
27 is similar to that described in, for example, in the example
configuration [3-2] of the video decoding device 1, and a
description thereof is thus omitted here. Note that “the
sub-region setting unit 1313” and “the transform size deter-
mination information storage unit 1314” in the description
of the example configuration [3-2] should be substituted
with “the transform/quantization unit 27” and “the configu-
ration corresponding to the transform size determination
information storage unit 1314”, respectively.

[3-3]" Specific Configuration for Referring to Contexts for
Encoding of Transform Coefficients

If the PU partition type is asymmetric, the encoded data
generation unit 29 may be configured to encode at least one
of non-zero transform coefficient presence or absence infor-
mation and transform coefficient using different contexts for
TUs included in a smaller PU and TUs included in a larger
PU.

A specific configuration of the encoded data generation
unit 29 is similar to that described in, for example, the
example configuration [3-3] of the video decoding device 1,
and a description thereof is thus omitted here. Note that “the
determination information decoding unit 1032 and “the
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transform coefficient decoding unit 1033 in the description
of the example configuration [3-3] should be substituted
with “the encoded data generation unit 29”. In addition,
“decode (decoding)” and “the context storage unit 1034 in
the description of the example configuration [3-3] should be
substituted with “encode (encoding)” and “the configuration
corresponding to the context storage unit 1034”, respec-
tively.

(Processing Flow)

The CU encoding process of the video encoding device 2
will be described hereinafter with reference to FIG. 26. In
the following, it is assumed that a target CU is an inter CU
or a skip CU. FIG. 26 is a flowchart illustrating an example
of the flow of the CU encoding process (inter/skip CU) of
the video encoding device 2.

When the CU encoding process starts, the encoding
setting unit 21 determines CU prediction information on the
target CU, and the encoded data generation unit 29 encodes
the CU prediction information determined by the encoding
setting unit 21 (S21). This process is performed on a per-CU
basis.

Specifically, the encoding setting unit 21 determines
whether or not the target CU is a skip CU. If the target CU
is a skip CU, the encoding setting unit 21 causes the encoded
data generation unit 29 to encode the skip flag SKIP. If the
target CU is not a skip CU, the encoding setting unit 21
causes the encoded data generation unit 29 to encode the CU
prediction type information Pred_type.

Then, processing is performed on a per-PU basis. Spe-
cifically, the prediction image generation unit 23 derives
motion information, and the encoded data generation unit 29
encodes the motion information derived by the prediction
image generation unit 23 (S22). Further, the prediction
image generation unit 14 generates a prediction image using
inter prediction on the basis of the derived motion informa-
tion (S23).

Then, the transform/quantization unit 27 performs a TU
partition encoding process (S24). Specifically, the trans-
form/quantization unit 27 sets a TU partitioning scheme on
the basis of the CU size of the target CU and the PU partition
type. This process is performed on a per-CU basis.

Then, processing is performed on a per-TU basis. Spe-
cifically, the transform/quantization unit 27 transforms a
prediction residual into a transform coefficient, and quan-
tizes the transform coeflicient (S25). Then, the encoded data
generation unit 29 encodes the transformed and quantized
transform coefficient (S26).

Then, the dequantization/inverse transform unit 22
applies dequantization and inverse transform to the trans-
formed and quantized transform coefficient to restore a
prediction residual. In addition, the adder 24 adds together
the prediction image and the prediction residual to generate
a decoded image (S27). This process is performed on a
per-CU basis.

Application Examples

The video encoding device 2 and the video decoding
device 1, described above, may be mounted in various
apparatuses for transmitting, receiving, recording, and
reproducing a moving image for use. The moving image
may be a natural moving image captured using a camera or
the like, or may be an artificial moving image (including CG
and GUI) generated using a computer or the like.
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First, the use of the video encoding device 2 and the video
decoding device 1, described above, for the transmission and
reception of moving images will be described with reference
to FIG. 27.

Part (a) of FIG. 27 is a block diagram illustrating a
configuration of a transmitting apparatus PROD_A includ-
ing the video encoding device 2. As illustrated in part (a) of
FIG. 27, the transmitting apparatus PROD_A includes an
encoder PROD_A1 for encoding a moving image to obtain
encoded data, a modulator PROD_A2 for modulating a
carrier wave using the encoded data obtained by the encoder
PROD_A1 to obtain a modulation signal, and a transmitter
PROD_A3 for transmitting the modulation signal obtained
by the modulator PROD_A2. The video encoding device 2
described above may be used as the encoder PROD_AT.

The transmitting apparatus PROD_A may further include
sources from which moving images to be input to the
encoder PROD_A1 are supplied, including a camera
PROD_A4 for capturing a moving image, a recording
medium PROD_AS5 having a moving image recorded
thereon, an input terminal PROD_A6 through which a
moving image is input from outside, and an image processor
AT for generating or modifying an image. In part (a) of FIG.
27, all of them are included in the transmitting apparatus
PROD_A, by way of example. However, some of them may
be omitted.

The recording medium PROD_AS5 may have recorded
thereon a moving image that has not been encoded, or may
have recorded thercon a moving image that has been
encoded using a recording coding scheme different from a
transmission coding scheme. In the latter case, a decoder
(not illustrated) may be disposed between the recording
medium PROD_AS and the encoder PROD_A1 to decode
encoded data read from the recording medium PROD_AS5 in
accordance with a recording coding scheme.

Part (b) of FIG. 27 is a block diagram illustrating a
configuration a receiving apparatus PROD_B including the
video decoding device 1. As illustrated in part (b) of FIG. 27,
the receiving apparatus PROD_B includes a receiver
PROD_B1 for receiving a modulation signal, a demodulator
PROD_B2 for demodulating the modulation signal received
by the receiver PROD_B1 to obtain encoded data, and a
decoder PROD_B3 for decoding the encoded data obtained
by the demodulator PROD_B2 to obtain a moving image.
The video decoding device 1 described above may be used
as the decoder PROD_B3.

The receiving apparatus PROD_B may further include
destinations to which a moving image output from the
decoder PROD_B3 is to be supplied, including a display
PROD_B4 on which the moving image is displayed, a
recording medium PROD_B5 on which the moving image is
recorded, and an output terminal PROD_B6 through which
the moving image is output to outside. In part (b) of FIG. 27,
all of them are included in the receiving apparatus PROD_B,
by way of example. However, some of them may be omitted.

The recording medium PROD_B5 may be configured to
have recorded thereon a moving image that has not been
encoded, or may have recorded thereon a moving image that
has been encoded using a recording coding scheme different
from a transmission coding scheme. In the latter case, an
encoder (not illustrated) may be disposed between the
decoder PROD_B3 and the recording medium PROD_BS5 to
encode a moving image acquired from the decoder
PROD_BS3 in accordance with a recording coding scheme.

A ftransmission medium on which modulation signals
travel may be wireless or wired. A transmission form in
which modulation signals are transmitted may be broadcast-
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ing (here, a transmission form in which no destinations are
specified in advance) or communication (here, a transmis-
sion form in which destinations are specified in advance).
That is, the transmission of modulation signals may be
implemented by any of radio broadcasting, wire broadcast-
ing, wireless communication, and wired communication.

For example, a broadcasting station (such as a broadcast-
ing facility)/receiving station (such as a television receiver)
of terrestrial digital broadcasting is an example of the
transmitting apparatus PROD_A/the receiving apparatus
PROD_B for transmitting/receiving a modulation signal via
radio broadcasting. A broadcasting station (such as a broad-
casting facility)/receiving station (such as a television
receiver) of cable television broadcasting is an example of
the transmitting apparatus PROD_A/the receiving apparatus
PROD_B for transmitting/receiving a modulation signal via
wire broadcasting.

A server (such as a workstation)/client (such as a televi-
sion receiver, a personal computer, or a smartphone) for
VOD (Video On Demand) services, video sharing services,
and the like over the Internet is an example of the transmit-
ting apparatus PROD_A/the receiving apparatus PROD_B
for transmitting/receiving a modulation signal via commu-
nication (in general, wireless or wired transmission media
may be used for LANs, and wired transmission media are
used for WANs). Examples of the personal computer include
a desktop PC, a laptop PC, and a tablet PC. Examples of the
smartphone also include a multifunctional mobile phone
terminal.

A client for video sharing services has a function to
decode encoded data downloaded from a server and to
display the decoded data on a display, and also has a function
to encode a moving image captured using a camera and to
upload the encoded image to a server. That is, a client for
video sharing services serves as both the transmitting appa-
ratus PROD_A and the receiving apparatus PROD_B.

Next, the use of the video encoding device 2 and the video
decoding device 1, described above, for the recording and
reproduction of moving images will be described with
reference to FIG. 28.

Part (a) of FIG. 28 is a block diagram illustrating a
configuration of a recording apparatus PROD_C including
the video encoding device 2 described above. As illustrated
in part (a) of FIG. 28, the recording apparatus PROD_C
include an encoder PROD_C1 for encoding a moving image
to obtain encoded data, and a writer PROD_C2 for writing
the encoded data obtained by the encoder PROD_C1 to a
recording medium PROD M. The video encoding device 2
described above may be used as the encoder PROD_C1.

The recording medium PROD M may be (1) of a type
incorporated in the recording apparatus PROD_C, such as
an HDD (Hard Disk Drive) or an SSD (Solid State Drive),
or (2) of a type connected to the recording apparatus
PROD_C, such as an SD memory card or a USB (Universal
Serial Bus) flash memory, or may be (3) set in a drive device
(not illustrated) incorporated in the recording apparatus
PROD_C, such as a DVD (Digital Versatile Disc) or a BD
(Blu-ray Disc: registered trademark).

The recording apparatus PROD_C may further include
sources from which moving images to be input to the
encoder PROD_C1 are supplied, including a camera
PROD_C3 for capturing a moving image, an input terminal
PROD_C4 through which a moving image is input from
outside, a receiver PROD_CS5 for receiving a moving image,
and an image processor PROD_C6 for generating or modi-
fying an image. In part (a) of FIG. 28, all of them are
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included in the recording apparatus PROD_C, by way of
example. However, some of them may be omitted.

The receiver PROD_CS may be configured to receive a
moving image that has not been encoded, or may be con-
figured to receive encoded data that has been encoded using
a transmission coding scheme different from a recording
coding scheme. In the latter case, a transmission decoder
(not illustrated) may be disposed between the receiver
PROD_CS and the encoder PROD_C1 to decode encoded
data encoded using a transmission coding scheme.

Examples of the recording apparatus PROD_C include a
DVD recorder, a BD recorder, and an HDD (Hard Disk
Drive) recorder (in this case, the input terminal PROD_C4
or the receiver PROD_CS5 serve as a main source from which
a moving image is supplied). Other examples of the record-
ing apparatus PROD_C include a camcorder (in this case,
the camera PROD_C3 serves as a main source from which
a moving image is supplied), a personal computer (in this
case, the receiver PROD_C5 or the image processor C6
serves as a main source from which a moving image is
supplied), and a smartphone (in this case, the camera
PROD_C3 or the receiver PROD_CS serves as a main
source from which a moving image is supplied).

Part (b) of FIG. 28 is a block diagram illustrating a
configuration of a reproducing apparatus PROD_D includ-
ing the video decoding device 1 described above. As illus-
trated in part (b) of FIG. 28, the reproducing apparatus
PROD_D includes a reader PROD_D1 for reading encoded
data written in a recording medium PROD M, and a decoder
PROD_D2 for decoding the encoded data read by the reader
PROD_D1 to obtain a moving image. The video decoding
device 1 described above may be used as the decoder
PROD_D2.

The recording medium PROD M may be (1) of a type
incorporated in the reproducing apparatus PROD_D, such as
an HDD or an SSD, or (2) of a type connected to the
reproducing apparatus PROD_D, such as an SD memory
card or a USB flash memory, or may be (3) set in a drive
device (not illustrated) incorporated in the reproducing
apparatus PROD_D, such as a DVD or a BD.

The reproducing apparatus PROD_D may further include
destinations to which a moving image output from the
decoder PROD_D2 is to be supplied, including a display
PROD_D3 on which the moving image is displayed, an
output terminal PROD_D4 through which the moving image
is output to outside, and a transmitter PROD_DS5 for trans-
mitting the moving image. In part (b) of FIG. 28, all of them
are included in the reproducing apparatus PROD_D, by way
of example. However, some of them may be omitted.

The transmitter PROD_DS5 may be configured to transmit
a moving image that has not been encoded, or may be
configured to transmit encoded data that has been encoded
using a transmission coding scheme different from a record-
ing coding scheme. In the latter case, an encoder (not
illustrated) may be disposed between the decoder PROD_D2
and the transmitter PROD_DS5 to encode a moving image
using a transmission coding scheme.

Examples of the reproducing apparatus PROD_D include
a DVD player, a BD player, and an HDD player (in this case,
the output terminal PROD_D4, to which a television
receiver or the like is connected, serves as a main destination
to which a moving image is to be supplied). Other examples
of the reproducing apparatus PROD_D include a television
receiver (in this case, the display PROD_D3 serves as a
main destination to which a moving image is to be supplied),
a digital signage (also referred to as an electronic signboard,
an electronic bulletin board, or the like, in which case the
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display PROD_D3 or the transmitter PROD_DS5 serves as a
main destination to which a moving image is to be supplied),
a desktop PC (in this case, the output terminal PROD_D4 or
the transmitter PROD_DS5 serves as a main destination to
which a moving image is to be supplied), a laptop or tablet
PC (in this case, the display PROD_D3 or the transmitter
PROD_DS serves as a main destination to which a moving
image is to be supplied), and a smartphone (in this case, the
display PROD_D3 or the transmitter PROD_DS5 serves as a
main destination to which a moving image is to be supplied).
[Summation]

An image decoding device for decoding encoded image
data for each coding unit generates a decoded image. The
image decoding device includes a CU information decoding
unit configured to decode information for specifying a
partition type in which the coding unit is split, and an
arithmetic decoding unit configured to decode binary values
from the encoded image data using arithmetic decoding that
uses contexts or arithmetic decoding that does not use
contexts. In a case that the CU information decoding unit
decodes information for specifying an asymmetric partition
(AMP; Asymmetric Motion Partition) as the partition type,
the arithmetic decoding unit decodes the binary values by
switching between the arithmetic decoding that uses con-
texts and the arithmetic decoding that does not use contexts
in accordance with a position of the binary values.

The image decoding device includes in a case that a size
of'the coding unit is 2Nx2N pixels, the partition type at least
includes 2Nx2N pixels, 2NxN pixels, Nx2N pixels, 2NxnU
pixels, 2NxnD pixels, n[.x2N pixels, and nRx2N, where
2Nx2N pixels, 2NxN pixels, and Nx2N pixels are symmet-
ric partitions, and 2NxnU pixels, 2NxnD pixels, n[.x2N
pixels, and nRx2N pixels are asymmetric partitions.

The image decoding device includes in a case that the CU
information decoding unit decodes the information for
specifying an asymmetric partition (AMP; Asymmetric
Motion Partition) as the partition type, the arithmetic decod-
ing unit is configured to decode only a part of binary values
among the binary values using the arithmetic decoding that
does not use contexts.

The part of binary values includes at least a binary value
corresponding to information indicating the asymmetric
partition.

An image decoding device for decoding encoded image
data for each coding unit generates a decoded image. The
image decoding device includes a CU information decoding
unit configured to decode information for specifying a
partition type in which the coding unit is split, and an
arithmetic decoding unit configured to decode binary values
from the encoded image data using arithmetic decoding that
uses contexts or arithmetic decoding that does not use
contexts. In a case that the CU information decoding unit
decodes information for specifying a rectangular partition as
the partition type, the arithmetic decoding unit is configured
to decode the binary values by switching between the
arithmetic decoding that uses contexts and the arithmetic
decoding that does not use contexts in accordance with a
position of the binary values.

An image decoding for an image decoding device for
decoding encoded image data for each coding unit generates
a decoded image. The image decoding method for the image
decoding device includes the steps of: decoding information
for specifying a partition type in which the coding unit is
split; and decoding binary values from the encoded image
data using arithmetic decoding that uses contexts or arith-
metic decoding that does not use contexts. In a case that
information for specifying an asymmetric partition (AMP;
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Asymmetric Motion Partition) as the partition type is to be
decoded, the binary values are decoded by switching
between the arithmetic decoding that uses contexts and the
arithmetic decoding that does not use contexts in accordance
with a position of the binary values.

An image encoding device for encoding information for
restoring an image for each coding unit generates encoded
image data. The image encoding device includes an encod-
ing setting unit configured to encode information for speci-
fying a partition type in which the coding unit is split; and
an encoded data generation unit configured to generate the
encoded image data using an encoding process that uses
contexts or an encoding process that does not use contexts.
In a case that information for specifying an asymmetric
partition (AMP; Asymmetric Motion Partition) as the par-
tition type is to be encoded, the encoded data generation unit
is configured to generate the encoded image data by switch-
ing between the encoding process that uses contexts and the
encoding process that does not use contexts.

An image decoding device decodes an image in a predic-
tion unit using, as an inter-frame prediction scheme, a
uni-prediction scheme in which one reference image is
referred to or a bi-prediction scheme in which two reference
images are referred. The image decoding device includes
bi-prediction restriction means for imposing restriction of
bi-prediction on the prediction unit in a case that the
prediction unit is a prediction unit having a size less than or
equal to a predetermined value.

According to the foregoing aspects of the present inven-
tion, it is possible to achieve a reduction in the amount of
coding taken in the use of an asymmetric partition and to
implement efficient encoding/decoding processes exploiting
the characteristics of the asymmetric partition.

The present invention may also be expressed in the
following form. An image decoding device according to an
aspect of the present invention is an image decoding device
for decoding information for restoring an image from
encoded image data for each coding unit to restore an image.
The image decoding device includes decoding means for
decoding codes assigned to combinations of sizes of pre-
diction units and prediction schemes to be applied to the
coding units, the decoding means decoding a shorter code
for a combination of a coding unit with a size less than or
equal to a predetermined value and a prediction scheme for
intra-frame prediction, than codes assigned to combinations
other than the combination.

In the configuration described above, a coding unit having
a size less than or equal to a predetermined value is a coding
unit having a size that will make inter prediction less reliable
in a coding unit having a size greater than the predetermined
value.

A coding unit having a size less than or equal to a
predetermined value tends to be used in a region where inter
prediction is less reliable. In the following, a coding unit
having a size greater than a predetermined value is referred
to as a “large coding unit”.

A coding unit having a size less than or equal to a
predetermined value is, by way of example, a coding unit
having a minimum size, and is a coding unit having 8x8
pixels.

Such a small coding unit has a larger spatial correlation
than a large coding unit. Thus, an intra CU is generally
applied to such a small coding unit in order to improve
prediction accuracy.
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In the configuration described above, a shorter code is
assigned to a combination of small coding size and intra-
frame prediction scheme than codes to be assigned to other
combinations.

According to the configuration described above, accord-
ingly, a short code may be assigned to a combination having
a high probability of occurrence in a coding unit having a
size less than or equal to a predetermined value. The
advantage of improved coding efficiency is thus achieved.

In the image decoding device according to the aspect of
the present invention, preferably, the decoding means
described above decodes a shorter code for the combination
described above than a code assigned to a combination of a
coding unit with a size larger than the predetermined value
and a prediction scheme for intra-frame prediction.

According to the configuration described above, a shorter
code is decoded in a case that a prediction scheme for
intra-frame prediction is applied to a small coding unit in
which intra-frame prediction is more reliable than in a case
that a prediction scheme for intra-frame prediction is applied
to a large coding unit in which intra-frame prediction is less
reliable.

Accordingly, a shorter code may be decoded for a com-
bination having a higher frequency of occurrence. As a
result, coding efficiency may be improved.

In the image decoding device according to the aspect of
the present invention, preferably, the decoding means
described above decodes a shorter code for the combination
described above than a code assigned to a combination of a
coding unit with a size equal to the predetermined value and
a prediction scheme other than intra-frame prediction.

According to the configuration described above, a shorter
code may be decoded for intra-frame prediction that is more
reliable in a small coding unit than inter-frame prediction
that is less reliable.

Accordingly, a shorter code may be decoded for a com-
bination having a higher frequency of occurrence. As a
result, coding efficiency may be improved.

An image decoding device according to an aspect of the
present invention is an image decoding device for restoring
an image in a prediction unit using a prediction scheme for
any inter-frame prediction out of uni-prediction in which
one reference image is referred to and bi-prediction in which
two reference images are referred to. The image decoding
device includes bi-prediction restriction means for imposing
restriction of bi-prediction on a target prediction unit to
which the inter-frame prediction is to be applied, the target
prediction unit being a prediction unit having a size less than
or equal to a predetermined value.

Bi-prediction requires a larger amount of processing than
uni-prediction. Bi-prediction is a prediction scheme that
uses two images to be referred to in inter-frame prediction.
The images to be referred to may be previous or future
frames in time with respect to the target frame.

A small prediction unit having a size less than or equal to
a predetermined value requires a larger amount of process-
ing per unit area than a large prediction unit having a size
greater than the predetermined value.

Accordingly, bi-prediction in a small prediction unit will
be likely to create a bottleneck in decoding processing
because both require a large amount of processing.

According to the configuration described above, restric-
tion of bi-prediction is imposed on a small prediction unit.
The term “restriction” is used to include omitting some of
the processes involved in bi-prediction and not performing
the processing of bi-prediction.
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The restriction described above may achieve the advan-
tage of reducing the amount of processing that can be a
bottleneck in decoding processing.

In the image decoding device according to the aspect of
the present invention, preferably, the bi-prediction restric-
tion means described above imposes the restriction
described above on the target prediction unit that is a
prediction unit in which decoding of at least some of motion
vectors used for generation of a prediction image in the
target prediction unit is not omitted and that is a prediction
unit in which a prediction parameter to be allocated to the
target prediction unit is not estimated from a prediction
parameter allocated to a neighboring prediction unit of the
target prediction unit.

According to the configuration described above, the
restriction of bi-prediction is imposed in a case that a
prediction parameter is actually derived in a target predic-
tion unit without the so-called skip process and merge
process being performed.

If the skip process or the merge process is not performed,
all motion vectors need to be decoded, resulting in an
increase in the amount of processing. The restriction
described above may reduce the amount of processing that
can be a bottleneck in decoding processing.

In the image decoding device according to the aspect of
the present invention, preferably, the bi-prediction restric-
tion means described above performs uni-prediction without
decoding information indicating which of bi-prediction and
uni-prediction to perform.

According to the configuration described above, the
decoding process for a target prediction unit on which
restriction of bi-prediction is imposed may be simplified. In
addition, the overhead caused by the decoding of informa-
tion indicating which of bi-prediction and uni-prediction to
perform although the execution of uni-prediction has been
determined in advance may be avoided.

In the image decoding device according to the aspect of
the present invention, preferably, the bi-prediction restric-
tion means described above omits the processing of infor-
mation concerning weighted prediction in bi-prediction.

According to the configuration described above, the omis-
sion of the processing of information concerning weighted
prediction in bi-prediction may reduce the amount of pro-
cessing in bi-prediction. As a result, the amount of process-
ing that can be a bottleneck in decoding processing, such as
the processing of information concerning weighted predic-
tion, may be reduced.

An image decoding device according to an aspect of the
present invention is an image decoding device for restoring
an image by generating a prediction image for each of
prediction units obtained by splitting a coding unit into one
or more partitions. The image decoding device includes
changing means for changing a plurality of codes associated
with a plurality of combinations of partition types and
prediction schemes, the partition types being types in which
atarget coding unit that is a coding unit to be decoded is split
into the prediction units, in accordance with a decoded
parameter allocated to a decoded prediction unit near a target
prediction unit that is a prediction unit to be decoded.

The unit of generating a prediction image is based on a
coding unit that is a unit of the coding process. Specifically,
the same region as the coding unit or a region obtained by
dividing the coding unit is used as a prediction unit.

In the configuration described above, the partition type in
which a coding unit is split into prediction units may include
a split into square partitions and a split into non-square
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partitions. The split into square partitions is obtained in a
case that the prediction unit obtained by splitting is square.

This applies, for example, in a case that a square coding
unit is split into four square partitions. This also applies in
the case of non-split where a region having the same size as
a square coding unit is used as the prediction unit. The
partition type in the case of non-split is generally repre-
sented by 2Nx2N.

A split into non-square partitions is obtained in a case that
the prediction unit obtained by splitting is non-square. This
applies, for example, in a case that the region of the coding
unit is split into a large rectangle and a small rectangle.

The term “code” refers to a binary (bin) sequence of
coded parameter values. The binary sequence may be
directly coded or arithmetically coded. The prediction
scheme is that either for inter-frame prediction or intra-
frame prediction. A combination of prediction scheme and
partition type is, for example, (intra-frame prediction, non-
split), and may be represented by a parameter value called
pred_type.

In the configuration described above, furthermore, codes
and combinations of prediction schemes and partition types
are associated with each other in one-to-one correspon-
dence.

According to the configuration described above, the asso-
ciation is changed in accordance with a decoded parameter.
In other words, even for the same code, the interpretation of
which combination of prediction scheme and partition type
is indicated is changed in accordance with a decoded param-
eter.

Accordingly, a shorter code may be assigned to a com-
bination of prediction scheme and partition type having a
higher probability of occurrence.

Specifically, if a neighboring coding unit of a target
coding unit is a coding unit for intra-frame prediction, it is
probable that the target coding unit will also be predicted
using intra-frame prediction.

In this case, preferably, a short code is assigned to a
combination including intra-frame prediction.

According to the configuration described above, a shorter
code is assigned to a combination of prediction scheme and
partition type having a higher probability of occurrence in
accordance with a decoded parameter allocated to a neigh-
boring decoded prediction unit. Thus, coding efficiency may
be improved.

In the image decoding device according to the aspect of
the present invention, preferably, the changing means
described above changes a code associated with a combi-
nation including a prediction scheme for intra-frame predic-
tion to a short code in a case that a prediction scheme for
intra-frame prediction is allocated to a neighboring decoded
coding unit of the target coding unit.

According to the configuration described above, in a case
that a prediction scheme for intra-frame prediction is allo-
cated to a neighboring decoded coding unit of a target
coding unit, a code associated with a combination including
a prediction scheme for intra-frame prediction is changed to
a short code.

A plurality of neighboring coding units may be used. The
neighboring coding units may include, for example, an
upper adjacent coding unit and a left adjacent coding unit.

In this case, it is only required that one or both of a
prediction scheme for intra-frame prediction be allocated to
the upper adjacent coding unit and the left adjacent coding
unit.

If a prediction scheme for intra-frame prediction is allo-
cated to a neighboring decoded coding unit of a target
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coding unit, it is probable that intra-frame prediction will
also be allocated to the target coding unit.

Thus, the code associated with a combination having a
high frequency of occurrence may be short, leading to
improved coding efficiency.

In the image decoding device according to the aspect of
the present invention, preferably, the changing means
described above changes a code associated with a combi-
nation including a partition type that involves a split in a
neighboring direction to a short code in a case that a
neighboring decoded coding unit of the target coding unit is
smaller than the target coding unit.

According to the configuration described above, in a case
that a neighboring decoded coding unit of the target coding
unit is smaller than the target coding unit, a code associated
with a combination including a partition type that involves
a split in a neighboring direction is changed to a short code.

In a case that a neighboring decoded coding unit of the
target coding unit is smaller than the target coding unit, it is
probable that an edge will be present in a direction perpen-
dicular to a boundary between the target coding unit and the
neighboring decoded coding unit. That is, an edge often
appears in a direction in which the target coding unit is
adjacent to the decoded coding unit.

In this case, a partition type that involves a split in the
adjacent direction is more likely to be selected.

Thus, the code associated with a combination having a
high frequency of occurrence may be short, leading to
improved coding efficiency.

An image decoding device according to an aspect of the
present invention is an image decoding device for restoring
an image by generating a prediction image using an inter-
frame prediction scheme for each of prediction units
obtained by splitting a coding unit into one or more parti-
tions. The image decoding device includes candidate deter-
mining means for determining a candidate in a region to be
used for estimation in accordance with a size of a target
prediction unit, which is a prediction unit to be decoded, in
a case that the target prediction unit is a prediction unit in
which a prediction parameter of the target prediction unit is
estimated from a prediction parameter allocated to a neigh-
boring region of the target prediction unit.

According to the configuration described above, a candi-
date of a region to be used for the so-called skip or merge
is determined in accordance with the size of the target
prediction unit. Alternatively, a candidate of a region to be
used for the derivation of an estimated motion vector to be
used to restore a motion vector together with a decoded
differential motion vector is set.

The correlation of motion vectors for inter-frame predic-
tion varies depends on the size of the target prediction unit.
For example, a region where a small prediction unit having
a size less than or equal to a predetermined value is selected
generally includes complex motion of an object, and the
correlation of motion vectors is low in such a region.

According to the configuration described above, there-
fore, for example, the number of candidates may be reduced
in accordance with the degree of complexity of motion.
Accordingly, side information may be reduced, resulting in
improvement in coding efficiency.

In the image decoding device according to the aspect of
the present invention, preferably, the candidate determining
means described above performs an operation so that the
number of candidates for the small prediction unit having a
size less than or equal to the predetermined value is less than
the number of candidates for a prediction unit larger than the
small prediction unit.
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According to the configuration described above, the num-
ber of candidates for a small prediction unit having a size
less than or equal to a predetermined value is less than the
number of candidates for a prediction unit larger than the
small prediction unit.

As described above, a region where a small prediction
unit having a size less than or equal to a predetermined value
generally includes complex motion of an object, and the
correlation of motion vectors is low in such a region.

For this reason, the number of candidates in such a region
is reduced to reduce side information, which is preferable.

In the image decoding device according to the aspect of
the present invention, preferably, the candidate determining
means described above performs an operation so that, in a
small prediction unit having a size less than or equal to a
predetermined value, candidates for temporal prediction are
not included in the candidates.

According to the configuration described above, in a
small prediction unit having a size less than or equal to a
predetermined value, candidates for temporal prediction are
not included in the candidates.

In a region with complex motion where a small prediction
unit is selected, the correlation between a relevant prediction
unit (collocated PU) used for temporal prediction and a
target prediction unit is low. Thus, it is less probable that
temporal prediction will be selected for such a region. In
such a region, accordingly, it is preferable that merge
candidates for temporal prediction are not included.

An image decoding device according to an aspect of the
present invention is an image decoding device for restoring
an image by generating a prediction image for each of
prediction units obtained by splitting a coding unit into one
or more partitions. Partition types in which a coding unit is
split into the prediction units include a partition into rect-
angular prediction units, and codes for identifying a partition
into the rectangular prediction units include a code indicat-
ing whether each of the rectangular prediction units is
portrait-oriented or landscape-oriented, and a code indicat-
ing a type of rectangular prediction unit. The image decod-
ing device includes decoding means for decoding the code
indicating a type of rectangular prediction unit without using
a context.

According to the configuration described above, in a case
that the partition type in which a coding unit is split into
prediction units is a split into rectangular prediction units, a
code indicating a type of rectangular partition is decoded
using a context.

The term “type of rectangular partition™ is used to include,
for example, the following three types if the partition types
are landscape-oriented rectangular partitions: 2NxN,
2NxnU, 2NxnD.

A split into prediction units is generally performed so that
no prediction units lie across an edge present in the region
of'the coding unit. If an edge having an inclination is present
in a region, the same type of rectangular partition may not
necessarily be sequentially selected. In such a region, a
decoding process using contexts might not improve coding
efficiency.

In such a region, conversely, a decoding process without
using contexts would not cause a reduction in coding
efficiency.

According to the configuration described above, in the
region described above, it is possible to simplify processing
because of no reference to contexts while maintaining
coding efficiency.

An image decoding device according to an aspect of the
present invention is an image decoding device for restoring
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an image by generating a prediction image using an inter-
frame prediction scheme for each of prediction units
obtained by splitting a coding unit into one or more parti-
tions. Partition types in which a coding unit is split into the
prediction units include an asymmetric partition in which a
coding unit is split into a plurality of prediction units having
different sizes or a symmetric partition in which a coding
unit is split into a plurality of prediction units having the
same size. The image decoding device includes estimating
means for estimating a prediction parameter for inter-frame
prediction using, in a case that the partition type is an
asymmetric partition, an estimation method different from
an estimation method in a case that the partition type is a
symmetric partition.

According to the configuration described above, in a case
that the partition type is an asymmetric partition, a predic-
tion parameter for inter-frame prediction is estimated using
an estimation method different from that in a case that the
partition type is a symmetric partition.

A coding unit in which asymmetric partition is selected is
asymmetrically split into a small prediction unit and a large
prediction unit in order to obtain prediction units.

In a coding unit in which asymmetric partition is selected,
furthermore, it is probable that an edge crossing the small
prediction unit in the longitudinal direction will be present.

It is also probable that accurate motion vectors will have
been derived in a region where an edge is present. That is,
the region where motion vectors having high accuracy have
been derived in a case that the partition type is an asym-
metric partition is different from that in a case that the
partition type is a symmetric partition.

Thus, the following advantage may be achieved: different
estimation methods are used for the case that the partition
type is an asymmetric partition and the case that the partition
type is a symmetric partition, allowing prediction param-
eters for inter-frame prediction to be estimated using a
desired estimation method in accordance with the partition
type.

An image decoding device according to an aspect of the
present invention is an image decoding device for restoring
an image by generating a prediction image for each of
prediction units obtained by splitting a coding unit into one
or more partitions, decoding a prediction residual for each of
transform units obtained by splitting a coding unit into one
or more partitions, and adding the prediction residual to the
prediction image. Partition types in which a coding unit is
split into the prediction units include an asymmetric parti-
tion in which a coding unit is split into a plurality of
prediction units having different sizes or a symmetric par-
tition in which a coding unit is split into a plurality of
prediction units having the same size. The image decoding
device includes transform unit splitting means for determin-
ing, in a case that a partition type of a target coding unit,
which is a coding unit to be decoded, is the asymmetric
partition, a partitioning scheme for a transform unit in
accordance with a size of a prediction unit included in the
target coding unit.

According to the configuration described above, in a case
that a partition type of a target coding unit, which is a coding
unit to be decoded, is an asymmetric partition, a partitioning
scheme for a transform unit is determined in accordance
with a size of a prediction unit included in the target coding
unit.

When an asymmetric partition is applied, where as it is
probable that an edge will be included in a smaller prediction
unit, it is less probable that an edge will be included in a
larger prediction unit.
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If prediction residuals have no directionality, the appli-
cation of square transform may more efficiently remove
correlations than with the application of rectangular trans-
form as a partitioning scheme for a transform unit.

According to the configuration described above, in a case
that the partition type is an asymmetric partition, a parti-
tioning scheme for a transform unit that will efficiently
remove correlations may be selected in accordance with the
size of a prediction unit included in the target coding unit. As
a result, coding efficiency may be improved.

An image decoding device according to an aspect of the
present invention is an image decoding device for restoring
an image by generating a prediction image for each of
prediction units obtained by splitting a coding unit into one
or more partitions, decoding a prediction residual for each of
transform units obtained by splitting a coding unit into one
or more partitions, and adding the prediction residual to the
prediction image. Partitioning schemes in which a coding
unit is split into the transform units include square parti-
tioning and rectangular partitioning. The image decoding
device includes splitting means for splitting a target trans-
form unit using a rectangular partitioning scheme in a case
that a target prediction unit, which is a prediction unit to be
decoded, has a square shape.

In some cases, square prediction units may be selected
even though edges are present in a region and an image has
directionality. For example, in a case that an object including
a large number of horizontal edges is moving, motion is
uniform over the entire object. Thus, square prediction units
are selected. In the transform process, however, preferably,
transform units having a shape that is long in the horizontal
direction and extending in the horizontal edges are applied.

According to the configuration described above, in a case
that a target prediction unit, which is a prediction unit to be
decoded, has a square shape, the target transform unit is split
using a rectangular partitioning scheme.

Accordingly, a rectangular transform unit may also be
selected in a square coding unit, resulting in improved
coding efficiency for the region described above.

In the image decoding device according to the aspect of
the present invention, preferably, in a case that a transform
unit at a partition depth of 2 in a coding unit having a
predetermined size has a square shape, the splitting means
described above further performs an operation so that a
target transform unit at a partition depth of 1 in the coding
unit having a predetermined size is rectangular.

According to the configuration described above, in a case
that the target prediction unit has a square shape, the target
transform unit is split using a rectangular partitioning
scheme.

A transform unit is recursively split twice using square
quadtree partitioning, that is, the partition depth is increased
up to 2, yielding 16 square transform units. In this case, the
recursive z-scan order is used. Conventionally, the above-
described partitioning scheme is applied in a case that the
partition type of the target coding unit is a square partition-
ing.

In a case that a transform unit is split using a landscape-
oriented quadtree partitioning scheme, in contrast, each node
is split into square transform units at a partition depth of 2.
That is, 16 square transform units are finally obtained at a
partition depth of 2. In this case, the raster scan order is used
for the 16 square transform units. Conventionally, the above-
described partitioning scheme is applied in a case that the
partition type of the target coding unit is a non-square
partition.
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The scan order is thus different for square partition and
non-square partition as partition types of the target coding
unit.

According to the configuration described above, in con-
trast, in a case that the partition type of the coding unit is a
square partition, that is, in a case that the target prediction
unit has a square shape, the target transform unit is split
using a rectangular partitioning scheme.

Accordingly, the advantage of uniform scan order for
square partition and non-square partition may be achieved.

An image decoding device according to an aspect of the
present invention is an image decoding device for restoring
an image by generating a prediction image for each of
prediction units obtained by splitting a coding unit into one
or more partitions, decoding a prediction residual for each of
transform units obtained by splitting a coding unit into one
or more partitions, and adding the prediction residual to the
prediction image. Partition types in which a coding unit is
split into the prediction units include a split into asymmetric
partitions that are prediction units having different sizes and
a split into symmetric partitions that are prediction units
having the same size. The image decoding device includes
coeflicient decoding means for decoding, in a case that a
partition type of a target prediction unit, which is a predic-
tion unit to be decoded, is a split into asymmetric partitions,
transform coefficients by referring to different contexts for
small and large prediction units obtained by the split.

A small prediction unit obtained by asymmetric partition-
ing may possibly include an edge, and is likely to include a
transform coefficient. On the other hand, a large prediction
unit is less likely to include a transform coefficient. A
different context is used for the target transform unit depend-
ing on whether the target transform unit is included in the
small prediction unit or the large prediction unit. Accord-
ingly, variable length decoding may be performed in accor-
dance with the probability of occurrence of the transform
coeflicient in each region.

An image encoding device according to an aspect of the
present invention is an image encoding device for encoding
information for restoring an image for each coding unit to
generate encoded image data. The image encoding device
includes encoding means for encoding codes assigned to
combinations of sizes of prediction units and prediction
schemes to be applied to the coding units, the encoding
means encoding a shorter code for a combination of a coding
unit with a size less than or equal to a predetermined value
and a prediction scheme for intra-frame prediction, than
codes assigned to combinations other than the combination.

An image encoding device including each of the configu-
rations corresponding to the image decoding devices
described above also falls within the scope of the present
invention. An image encoding device having the configura-
tion described above may achieve advantages similar to
those of an image decoding device according to an aspect of
the present invention.

(Hardware-Based Implementation and Software-Based
Implementation)

The respective blocks of the video decoding device 1 and
the video encoding device 2 described above may be imple-
mented in hardware as a logic circuit formed on an inte-
grated circuit (IC chip) or may be implemented in software
using a CPU (Central Processing Unit).

In the latter case, each of the devices includes a CPU for
executing instructions in a program that implements indi-
vidual functions, a ROM (Read Only Memory) having the
program stored therein, a RAM (Random Access Memory)
into which the program is loaded, a storage device (record-
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ing medium), such as a memory, for storing the program and
various types of data, and so on. The object of the present
invention may also be achieved by supplying to each of the
devices described above a recording medium on which
program code (execute form program, intermediate code
program, source program) of a control program for each of
the devices described above, which is software implement-
ing the functions described above, is recorded in a computer-
readable form, and by reading and executing the program
code recorded on the recording medium using a computer
(or a CPU or an MPU).

Examples of the recording medium include tapes such as
a magnetic tape and a cassette tape, disks including magnetic
disks such as a floppy (registered trademark) disk and a hard
disk, and optical disks such as a CD-ROM (Compact Disc
Read-Only Memory), an MO disc (Magneto-Optical disc),
an MD (Mini Disc), a DVD (Digital Versatile Disc), a CD-R
(CD Recordable), and a blu-ray disc (Blu-ray Disc: regis-
tered trademark), cards such as an IC card (including a
memory card) and an optical card, semiconductor memories
such as a mask ROM, an EPROM (Erasable Programmable
Read-Only Memory), an EEPROM (registered trademark)
(Electrically Erasable and Programmable Read-Only
Memory), and a flash ROM, and logic circuits such as a PLD
(Programmable logic device) and an FPGA (Field Program-
mable Gate Array).

In addition, each of the devices described above may be
configured to be connectable to a communication network,
and may be supplied with the program code described above
via the communication network. The communication net-
work is not particularly limited so long as it can transmit
program code. For example, the Internet, an intranet, an
extranet, a LAN (Local Area Network), an ISDN (Integrated
Services Digital Network), a VAN (Value-Added Network),
a CATV (Community Antenna television/Cable Television)
communication network, a virtual private network, a tele-
phone network, a mobile communication network, a satellite
communication network, or the like may be used. A trans-
mission medium forming the communication network may
be a medium capable of transmitting program code, and is
not limited to any specific configuration or type. A wired
transmission medium, such as IEEE (Institute of Electrical
and FElectronic Engineers) 1394, USB, power line carrier,
cable TV lines, telephone lines, or ADSL, (Asymmetric
Digital Subscriber Line) lines, or a wireless transmission
medium, such as infrared type, for example, IrDA (Infrared
Data Association) or a remote control, Bluetooth (registered
trademark), IEEE 802.11 radio, HDR (High Data Rate),
NFC (Near Field Communication), DLNA (Digital Living
Network Alliance), a mobile phone network, a satellite
network, or a terrestrial digital network, may be used. The
present invention may also be implemented in the form of a
computer data signal embodied in a carrier wave in which
the program code described above is implemented by elec-
tronic transmission.

The present invention is not limited to the foregoing
embodiments, and a variety of changes may be made within
the scope defined by the claims. Embodiments which can be
achieved by combinations of technical means modified as
appropriate within the scope defined by the claims are also
included in the technical scope of the present invention.

INDUSTRIAL APPLICABILITY

The present invention is suitable for use in image decod-
ing devices for decoding encoded data obtained by encoding
image data, and image encoding devices for generating
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encoded data by encoding image data. The present invention
is also suitable for use in data structures of encoded data
generated by image encoding devices and referred to by
image decoding devices.

70

(ii) the prediction mode information indicates that the
target block is coded in the inter prediction mode,
the asymmetric partitions include a 2NxnU type, a 2NxnD

type, an nL.x2N type and an nRx2N type,

REFERENCE SIGNS LIST

1 video decoding device
10 decoding module

w

the decoding circuit decodes a binary sequence indicating
one of the asymmetric partitions by using a context-
based adaptive binary arithmetic decoding including a
context-based adaptive binary arithmetic decoding
using a context and a context-based adaptive binary

11 CU information decoding unit 10 . . . . . .
12 PU information decoding unit arithmetic decoding Wlt.hout.usmg a conte?(t, Wher.eln
13 TU information decoding unit the context-.based .ade.lpm./e binary arithmetic d.ecodln.g
16 frame memory fgr a first binary, 1ndlc?1t1ng o.n.e of a symmet.r}c parti-
111 CU prediction mode determination unit tion and an asymmetric partition, as a partition cat-
112 PU size determination unit 15 egory, in the binary sequence is different from the
121 motion compensation parameter derivation unit (bi- context-based adaptive binary arithmetic decoding for
prediction restriction means, candidate determining a second binary, representing a positional relationship
means, estimating means) between a smaller partition and a larger partition in one
122 merge candidate priority information storage unit of the asymmetric partitions, in the binary sequence,
123 reference frame setting information storage unit 20 the first binary equal to O indicates the asymmetric
131 TU partition setting unit partition and the first binary equal to 1 indicates the
132 transform coeflicient restoration unit symmetric partition, the second binary indicates one
1011 CU prediction mode decoding unit (decoding value of 0 and 1, the second binary is a bin to be
means, changing means) decoded if the first binary is equal to 0, or indicates the
1012 binarization information storage unit 25 asymmetric partition, and
1013 context storage unit different contexts for the context-based adaptive binary
1014 probability setting storage unit arithmetic using the context are used according to a
1021 motion information decoding unit (restriction infor- binary position in the binary sequence indicating one of
mation decoding means) the asymmetric partitions, in a case that (i) the size of
1031 region split flag decoding unit 30 the target block is larger than the 8x8 size, (ii) the
1032 determination information decoding unit (coefficient prediction mode information indicates that the target
decoding means) block is coded in the inter prediction mode, and (iii) the
1033 transform coefficient decoding unit (coeflicient partition pattern indicates one of the asymmetric par-
decoding means) titions,
1311 target region setting unit 35 in response to the size of the target block being equal to
1312 split determination unit the 8x8 size, one binary value in the binary sequence
1313 sub-region setting unit (transform unit splitting corresponding to the partition mode information is
means, splitting means) decoded by using the context-based adaptive binary
1314 transform size determination information storage arithmetic decoding using a first context, and
unit 40  in response to the size of the target block being greater
2 video encoding device than the 8x8 size, the one binary value in the binary
21 encoding setting unit sequence corresponding to the partition mode informa-
23 prediction image generation unit tion is decoded by using the context-based adaptive
25 frame memory binary arithmetic decoding using a second context.
27 transform/quantization unit 45 2. A video coding device comprising:
29 encoded data generation unit (encoding means) a coding circuit that codes:
(1) a skip flag indicating whether a target block is skipped
The invention claimed is: and
1. A video decoding device comprising: (ii) prediction mode information and partition mode infor-
a decoding circuit that decodes: 50 mation of the target block, in a case that the skip flag
(1) a skip flag indicating whether a target block is skipped indicates the target block is not skipped, wherein the
and prediction mode information specifies that the target
(ii) prediction mode information and partition mode infor- block is coded in an intra prediction mode or an inter
mation of the target block, in a case that the skip flag prediction mode, and the partition mode information
indicates that the target block is not skipped, wherein 55 specifies a partition pattern of the target block, and
the prediction mode information specifies that the tar- the coding circuit derives the partition pattern by using the
get block is coded in an intra prediction mode or an partition mode information; and
inter prediction mode, and the partition mode informa- a prediction image generation circuit that generates a
tion specifies a partition pattern of the target block, and prediction image by using the partition pattern,
the decoding circuit derives the partition pattern by using 60  wherein:
the partition mode information; and the coding circuit does not code binary sequences corre-
a prediction image generation circuit that generates a sponding to asymmetric partitions, in a case that (i) a
prediction image by using the partition pattern, size of the target block is equal to an 8x8 size, and (ii)
wherein: the prediction mode information indicates that the
the decoding circuit does not decode binary sequences 65 target block is coded in the inter prediction mode, the

corresponding to asymmetric partitions, in a case that
(1) a size of the target block is equal to an 8x8 size, and

asymmetric partitions include a 2NxnU type, a 2NxnD
type, an nL.x2N type and an nRx2N type,
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the coding circuit codes a binary sequence indicating one
of the asymmetric partitions by using a context-based
adaptive binary arithmetic coding including a context-
based adaptive binary arithmetic coding using a context
and a context-based adaptive binary arithmetic coding
without using a context, wherein the context-based
adaptive binary arithmetic coding for a first binary,
indicating one of a symmetric partition and an asym-
metric partition, as a partition category, in the binary
sequence is different from the context-based adaptive
binary arithmetic coding for a second binary, represent-
ing a positional relationship between a smaller partition
and a larger partition in one of the asymmetric parti-
tions, in the binary sequence, the first binary equal to 0
indicates the asymmetric partition and the first binary
equal to 1 indicates the symmetric partition, the second
binary indicates one value of 0 and 1, the second binary
is a bin to be decoded if the first binary is equal to O,
or indicates the asymmetric partition, and

different contexts for the context-based adaptive binary
arithmetic coding using the context are used according
to a binary position in the binary sequence indicating
one of the asymmetric partitions, in a case that (i) the
size of the target block is larger than the 8x8 size, (ii)
the prediction mode information indicates that the
target block is coded in the inter prediction mode and
(iii) the partition pattern indicates one of the asymmet-
ric partitions,

in response to the size of the target block being equal to
the 8x8 size, one binary value in the binary sequence
corresponding to the partition mode information is
coded by using the context-based adaptive binary arith-
metic coding using a first context, and

in response to the size of the target block being greater
than the 8x8 size, the one binary value in the binary
sequence corresponding to the partition mode informa-
tion is coded by using the context-based adaptive
binary arithmetic coding using a second context.

3. A video decoding method comprising:

decoding (i) a skip flag indicating whether a target block
is skipped and (ii) prediction mode information and
partition mode information of the target block, in a case
that the skip flag indicates the target block is not
skipped, wherein the prediction mode information
specifies that the target block is coded in an intra
prediction mode or an inter prediction mode, and the
partition mode information specifies a partition pattern
of the target block;

deriving the partition pattern by using the partition mode
information;
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not decoding binary sequences corresponding to asym-

metric partitions, in a case that (i) a size of the target
block is equal to an 8x8 size, and (ii) the prediction
mode information indicates that the target block is
coded in the inter prediction mode, the asymmetric
partitions include a 2NxnU type, a 2NxaD type, an
n[x2N type and an nRx2N type;

decoding a binary sequence indicating one of the asym-

metric partitions by using a context-based adaptive
binary arithmetic decoding including a context-based
adaptive binary arithmetic decoding using a context
and a context-based adaptive binary arithmetic decod-
ing without using a context, wherein the context-based
adaptive binary arithmetic decoding for a first binary,
indicating one of a symmetric partition and an asym-
metric partition, as a partition category, in the binary
sequence is different from the context-based adaptive
binary arithmetic decoding for a second binary, repre-
senting a positional relationship between a smaller
partition and a larger partition in one of the asymmetric
partitions, in the binary sequence, the first binary equal
to O indicates the asymmetric partition and the first
binary equal to 1 indicates the symmetric partition, the
second binary indicates one value of 0 and 1, the
second binary is a bin to be decoded if the first binary
is equal to O, or indicates the asymmetric partition, and

different contexts for the context-based adaptive binary

arithmetic decoding using the context are used accord-
ing to a binary position in the binary sequence indicat-
ing one of the asymmetric partitions, in a case that (i)
the size of the target block is larger than the 8x8 size,
(ii) the prediction mode information indicates that the
target block is coded in the inter prediction mode and
(iii) the partition pattern indicates one of the asymmet-
ric partitions; and

generating a prediction image by using the partition

pattern, wherein

in response to the size of the target block being equal to

the 8x8 size, one binary value in the binary sequence
corresponding to the partition mode information is
decoded by using the context-based adaptive binary
arithmetic decoding using a first context, and

in response to the size of the target block being greater

than the 8x8 size, the one binary value in the binary
sequence corresponding to the partition mode informa-
tion is decoded by using the context-based adaptive
binary arithmetic decoding using a second context.
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